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TREATMENT OF ARTERIOSCLEROTIC OCCLUSIVE DISEASE OF 
THE LOWER EXTREMITIES BY EXCISION AND GRAFT 
REPLACEMENT OR BY-PASS 


KE. Crawrorp, M.D., Oscar CreecH, M.D., 
Denton A. Coo.rey, M.D., anp E. DEBaAkey, M.D., 
Houston, TEx. 


(From the Department of Surgery, Baylor University College of Medicine, and the 
Methodist, Jefferson Davis, and Veterans Administration Hospitals) 


HE obstructing arteriosclerotie lesion producing arterial insufficiency of 

the lower extremity is located below the aortic bifurcation in the majority of 
patients and most commonly in the superficial femoral artery.*'! Moreover, the 
occlusive process is frequently segmental in nature with the vessel having a 
relatively normal lumen above and below it.’° As a consequence of this for- 
tunate pathologie feature of the disease, it has been possible to restore circulation 
toward normal levels in the peripheral arterial bed by direct surgical methods. 

Although numerous technical variations are possible, there are essentially 
two methods of direct attack. The first of these to be employed was throm- 
boendarterectomy as originally described by dos Santos’ and subsequently ad- 
vocated by others.’ * 7? The percentage of successful results following this 
method has varied considerably, but in most reports the incidence of both early 
and late failures has been high.’ * ® ® 17 The second and more recent approach 
consists in the substitution of another blood vessel for the obstructed seg- 
ment.® 7 % 13,14 This may be performed by one of two methods, namely, ex- 
cision of the occluded segment and its replacement with a blood vessel graft or 
using the graft to by-pass the obstructed segment without removing it. Numer- 
ous reports indicate that success with this approach is more consistent and 
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superior to that of thromboendarterectomy, especially in patients with long- 
diseased segments.® * ® 1514 Jt would also appear that greater success is ob- 
tained from the use of an artery than a vein graft.1* The purpose of this com- 
munication is to report our experience with these methods using lyophilized 
arterial homografts in the treatment of 63 patients with occlusive lesions located 
below the aortic bifurcation and to indicate the advantages of the by-pass 


procedure. 
CLINICAL MATERIAL 


All patients entering the hospital with arterial insufficiency of the lower 
extremity associated with absent femoral or popliteal pulses are investigated 
with arteriography, and those who show a patent artery of reasonable size below 
the obstruction and above the bifurcation of the popliteal artery are selected 
for operation irrespective of the distance of the occlusive process above this 
level. While the proximal extent of the occlusion is of little consequence, an 
essential requirement for operation is the presence of a good outflow in the 
peripheral arterial bed. Accordingly, it is important to ascertain pateney of 
one or more of the distal branches of the popliteal artery. The presence of 
secondary blocks below this level does not appear to alter the results significantly 
and, therefore, does not contraindicate operation. 

Slightly over 50 per cent of the patients with femoral occlusions and prac- 
tically all patients with iliae occlusions surveyed in this manner have been 
candidates for operation and almost all of them have had grafts inserted. The 
few patients with operable lesions not subjected to operation had advanced im- 
pairment of cardiac or renal disease and the associated intermittent claudica- 
tion was not considered sufficient indication to justify the risk of surgical inter- 
vention. Eight patients had diabetes and 6 had had previous myocardial in- 
farection. The ages of the patients ranged from 34 to 72 years, with the average 
being about 50 years. 

The 63 cases in this series are divided primarily into two groups on the 
basis of the technique by which the graft was inserted, but also analyzed accord- 
ing to the site of occlusion. The end-to-side by-pass procedure was used in 
40 extremities, 16 of which had iliae and 24 femoral artery occlusions. Excision 
of the diseased segment with graft replacement by end-to-end anastomosis was 
carried out in 23 extremities, 12 of which had femoral and 11 iliae artery occlu- 
sions. In addition, but excluded from this series, there are 85 cases of occlusion 
of the iliae artery associated with the Leriche syndrome or thrombo-obliterative 
disease of the terminal aorta and bifurcation. Under these circumstances a 
part of the iliae artery is resected, and the short remaining occluded segment has 
been endarterectomized. The bifurcation aortic homograft has been anasto- 
mosed to this endarterectomized distal iliac segment with highly gratifying 
results.* 

The indication for operation was intermittent claudication in 54, gangrene 
of limited degree in 8, and in 1 patient extensive gangrene. Gangrene was asso- 
ciated with painful ischemic ulcers in 2, severe rest pain in 7, and in 1 a digit 
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had been destroyed by associated infection. Operation was advised in the 
patient with extensive gangrene to permit a low-leg amputation since the op- 
posite leg had been amputated previously at a higher level. 


TECHNIQUE OF OPERATION 


Since the objective of the operation is to restore a normal pulsatile blood flow into the 
peripheral arterial bed, it is essential to bridge the entire occluded segment, including all areas 
of proximal or distal narrowing of the vessel. In patients in which the occlusive process is 
relatively short and discrete, excision and graft replacement may be used (Fig. 1), but in 
larger occlusions or those with partial stenosis well above and below the area of complete 


Fig. 1—A, Arteriogram of left superficial femoral artery showing localized area of 
arterial occlusion. The specimen superimposed on the arteriogram consists of the excised 
occluded segment of femoral artery together with some occluding thrombi removed from the 
proximal narrowed portion by endarterectomy. 8B, Arteriogram of the same artery made ten 
days after excision of the occluded segment and insertion of an arterial homograft. 
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obstruction, the by-pass procedure is preferable (Figs. 2 to 4). Thus, in 23 extremities in 
this series the occlusive lesions were less than 15 em. and these were completely excised and 
replaced with arterial homografts. In the other 40 patients with relatively long or multiple 
obstructions, the by-pass procedure was employed as originally proposed by Kunlin and 
associates.2 This is accomplished by performing an end-to-side anastomosis of the graft to 


A. 


Fig. 4.—Arteriogram (A) and explanatory drawing (B) showing satisfactory restoration 
of circulation in popliteal artery after insertion of by-pass arterial homograft and undisturbed 
collateral network of vessels. 
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the host artery above and below the occluded segment through two small separate incisions 
which are connected by a tunnel made by blunt dissection through Hunter’s canal using a vein 
stripper or a ring-tipped sponge clamp. Although homologous vein grafts were used by 
Kunlin and his workers,? we have found freeze-dried arterial homografts preferable for 
several reasons. For one thing, it simplifies the procedure by eliminating that part of the 
operation required in obtaining a vein graft and thus reduces the extent of tissue dissection 
and possible wound complications. For another, it is often impossible to obtain a vein graft 
of sufficient length and uniform lumen size to bridge the distance required, particularly in 
cases with relatively long occlusions. It has been necessary, for example, in some instances to 
extend the graft from the aorta just above the bifurcation to the popliteal artery. 


B. 


Fig. 5.—Aortogram (A) and femeropopliteal arteriogram (B) showing extensive ob- 
literative changes involving the terminal aorta, iliac, common, and superficial femoral arteries. 
C, Drawing showing method of restoration of circulation to the leg by use of aortic and 


iliofemoral arterial homografts. 


Technical considerations of the by-pass procedure have been presented in detail else- 
where.2 It consists essentially in making two small incisions, one above and the other below 
the obstruction, placed at the proper levels to expose relatively normal segments of the artery 
as determined by the arteriogram. The two incisions are connected by a tunnel which is 
made by blunt dissection with the index finger ahd completed with a vein stripper or ring 
clamp. Following exposure of the artery and the application of atraumatic arterial clamps, 
an oval aperture is made in its wall approximating the size of the lumen of the graft and 
placed in the long axis of the artery. The end of the arterial homograft is then anastomosed 
to this opening in the host’s artery as an end-to-side anastomosis, using a continuous suture 
of No. 5-0 arterial silk. After completing the anastomosis above, the free end of the graft 
is drawn through the tunnel and anastomosed in a similar manner to the segment of artery 


exposed in the lower incision. 
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RESULTS 


Successful restoration of blood flow in the peripheral arterial bed distal to 
the occlusion following operation was determined by arteriography or by the 
presence of palpable pulses below the occlusion not felt before operation. All 
iliac grafts remained patent following discharge from the hospital irrespective 
of the technique employed. In the femoral group, however, failures occurred 
in 3 of 24 by-pass grafts and in 2 of 12 in which the occluded segment was 


== 


Fig. 5, C. (For legend see opposite page.) 


excised and a graft inserted by end-to-end anastomosis. The failures in the 
former group were immediate and were attributed to inadequate peripheral 
outflow bed. In all of these cases the by-pass graft was anastomosed to popliteal 
segments that were too small and without adequate patent branches. The pos- 
sibility of failure in these cases was anticipated but operation was attempted 
in the hope that some increase in blood flow could be obtained. These cases 
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must now be regarded as errors in selection. Particularly significant is the 
fact that none of these eases in which the by-pass procedure was employed was 
made worse by the operation. 

The indication for operation in the 5 patients in whom a graft procedure 
failed to restore blood flow distal to an occlusion was intermittent claudication. 
The clinical condition and the arterial circulation of the 3 extremities in which 
a by-pass graft was attempted remained unchanged. The clinical condition of 
1 extremity in which the occlusion was excised and a graft inserted by end-to- 
end anastomosis also remained unchanged. In the second case, however, in 
which this technique was unsuccessfully employed, the arterial circulation was 
severely impaired and amputation was required in the ensuing two weeks. 

The clinical success in those extremities in which the graft remained patent 
was manifested by striking improvement in circulation. Intermittent claudica- 
tion, rest pain, and ischemic ulcer pain were completely and immediately re- 
lieved. The two ischemic ulcers rapidly healed and the mild gangrenous changes 
quickly disappeared. An open amputation was performed on the infected toe 
and this wound healed rapidly. The patient with extensive gangrene preopera- 
tively had a necrotic foot with color demarcation at the mid-tibial level, and 
coolness above the knee. Following a by-pass graft, pulses were felt distal to 
the block and normal circulation was evident at the ankle. A low-leg amputation 
was successfully performed and the additional length of this stump has been a 
definite asset in the rehabilitation of this patient in view of the previous amputa- 
tion of the opposite leg. 

All patients have been carefully followed since discharge and, in the ma- 
jority of eases, for periods ranging from six months to little less than two years. 
In all of them the grafts have remained patent and no patient has had reeur- 
rence of symptoms. Successful results were thus obtained in all of the 27 cases 
with occlusion of the iliae artery and in 31 (86 per cent) of the 36 cases with 
occlusion of the femoral artery. 

The longest graft inserted extended from 3 em. below the renal arteries to 
the popliteal artery on one side and just proximal to the inguinal ligament on 
the other (Fig. 5). A bifurcation aortic homograft replaced a partially occluded 
distal aorta which thrombosed after endarterectomy in the early stages of the 
operation. A long iliofemoral arterial homograft was anastomosed to the ex- 
ternal iliac branch of this graft and used to by-pass a total occlusion of the 
right common and external iliac arteries in the pelvis and a second occlusion 
of the superficial femoral artery. Pedal pulses not present before operation 
were immediately palpated after operation and the patient has been relieved of 


intermittent claudication. 


COMPLICATIONS 


There were no deaths in this series and few complications. One patient 
developed a superficial wound infection and another had thrombophlebitis as- 
sociated with a small pulmonary infarct but both recovered completely without 
residual disturbances. No patient has had saphenous nerve neuralgia or other 
symptoms of nerve damage. The single major amputation performed following 
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a by-pass graft was for a part that had been destroyed prior to hospital ad- 
mission. The preoperative circulation was unaltered in the 3 failures using 
this technique. In the excision and graft group, the circulation of 1 extremity 
was severely impaired by an unsuccessful operation and low-thigh amputation 


was required. 
DISCUSSION 


It is our opinion that the relatively good results obtained in these cases 
were due to proper selection of patients, the use of homologous arterial grafts, 
and, particularly, to the simplified technique of the end-to-side by-pass proce- 
dure in the majority of the operations. As indicated previously, patients were 
selected on the basis of the arteriographie findings, as well as on their general 
ability to withstand the operation. 

In all cases consideration was given to the over-all value to the patient of 
a gain in peripheral circulation. The decision was easy in the patient who had 
a lesion that threatened loss of an extremity, since these patients withstood the 
graft operation which preserved the extremity more easily than an amputa- 
tion. The patient who has significant cardiorenal disease and intermittent 
claudication as the only indication for operation has been refused operation, 
not only because of increased risk but also because there was little or no need 
for inereased blood flow into the extremity to permit extra activity. Perfect 
results based upon patency of the graft are possible by conservative selection 
from the arteriogram if one operates only upon those with definitely large patent 
distal segments. Several candidates that were thought to have been border 
line were successfully grafted using the by-pass technique and have received 
the benefits of this improved form of treatment. The fact that among all cases 
studied all of those with iliae occlusions were successfully grafted and some- 
what over half of those with femoral occlusions were found to be candidates for 
operation with successful results obtained in 86 per cent, comparing favorably 
with other reports,’* indicates the wide application of this form of treatment. 

Arterial grafts of desired length have been available as needed and are 
prepared as the patient is readied for operation.* This has ensured an adequate 
vessel to be used as a graft and has spared the extremity of additional operat- 
ing time and dissection. The uniform caliber of the arteries of great length 
used in most of these cases has ensured a good, vigorous blood flow and was 
undoubtedly responsible for the absence of thrombosis. The low incidence of 
wound complications and leg edema is probably related to the minimized dissec- 
tion and injury by not using the patient’s own veins. 

The end-to-side by-pass operation has been found technically far more 
satisfactory in avoiding the factors of direct surgery which contribute to failure 
than any other procedure in our experience. It is based upon the natural re- 
sponse of the arterial bed to occlusion, which is the development of collateral 
vessels around the area of obstruction (Figs. 4, A and 6). Accordingly, the 
operation consists essentially in the addition of a collateral around the diseased 
segment equal in size to the host artery. The two small incisions used require 
minimal dissection, thereby reducing injury to neighboring structures such as 
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nerves, veins, and lymphatics. Troublesome and even incapacitating compli- 
cations are prevented. The collateral branches are not sacrificed and the most 
normal segment of artery above and below the obstruction can be safely used 
for the anastomosis, thereby ensuring the best possible blood flow. The avoid- 
ance of injury to existing collaterals prevents postoperative reduction in blood 
flow should the graft fail. This important feature of the procedure has been 
a source of reassurance in operations upon borderline candidates. 

It would appear significant that all of the 27 patients with occlusion of the 
iliae artery obtained successful results, whereas the only failures occurred in 
patients with occlusion of the femoral artery. Of further significance is the fact 
that the only failures with the by-pass procedure occurred in patients with 
peripheral extension of the occlusive process producing an inadequate outflow 
bed. These observations would suggest that the more proximal the segmental 
occlusive process the greater is the chance of success. It also emphasizes the 
importance of a good peripheral outflow bed as a criterion for operation. 

Lumbar sympathectomy has not been routinely performed on the grafted 
side unless the attempt to employ the graft procedure proved unsuccessful. This 
operation is not infrequently performed on the opposite side at the same time 
of the graft procedure when that extremity is also involved by an occlusive 
process not associated with a patent lower segment. It is noteworthy that 8 of 
the patients in this series had had sympathectomies performed previously, 7 for 
intermittent claudication and 1 for arterial insufficiency associated with infection. 
The symptom of intermittent claudication was unchanged by this operation in 
the former 7 patients. The latter patient, who had not had this symptom prior 
to sympathectomy, developed intermittent claudication three months later. 
All 8 patients were subsequently relieved of this manifestation by a graft 
procedure. 


SUMMARY 


1. Arteriographiec studies on patients with chronic arteriosclerotie arterial] 
insufficiency of the lower extremities with absent femoral or popliteal pulses 
have demonstrated that the occlusive process is segmental in nature with a patent 
vessel above and below it in over half the eases. As a consequence of this 
fortunate pathologic feature of the disease, it is possible to restore circulation 
toward normal levels in most of these patients by direct surgical treatment, con- 
sisting essentially in the substitution of another blood vessel, an arterial homo- 
graft, for the obstructed segment. 

2. This may be performed by one of two methods, namely, excision of the 
occluded segment and its replacement with a blood vessel graft or using the graft 
to by-pass the obstructed segment without removing it. The former is employed 
in eases in which the occlusive process is relatively short and discrete, while the 
latter is used in those with relatively long obstructed segments. Although the 
proximal extent of the occlusion is of little consequence in determining operabil- 
ity, an essential requirement for operation is the presence of a good outflow in 
the peripheral arterial bed. 
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3. This report is based upon an analysis of 63 cases in which these proce- 
dures were employed, 27 of which involved the iliac and 36 the femoral artery. 
Excision with graft replacement was used in 23 eases, 11 of which involved the 
iliac and 12 the femoral arteries. The by-pass procedure was employed in 40 
eases, 16 of which involved the iliac and 24 the femoral arteries. Completely 
successful results with restoration of distal pulsatile arterial circulation were 
obtained in all 27 eases with iliae occlusion and in all but 5 of those with femoral 
occlusions. Two of the failures occurred among the 12 treated by excision and 
graft replacement and 1 of these was made worse by the operation, requiring 
subsequent amputation. The other 3 failures occurred among the 24 cases in 
which the by-pass procedure was employed and may be attributed to an inade- 
quate peripheral outflow bed, thus constituting an error in selection for operation. 
Of particular significance, however, is the fact that none of them was made worse 
by operation. 

4. There were no deaths and few complications in this series. 

5. The conviction has been gained from this experience that the by-pass 
procedure, owing to its simplicity in concept and application, is superior to other 
methods of treatment, particularly in patients with relatively long occlusive 
segments. It has been found to be not only most effective in achieving the desired 
objective of restoration of normal pulsatile blood flow into the peripheral arterial 
bed, but also associated with minimal jeopardy to the existing circulatory and 
functional capacity of the extremity. 
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ARTERIOGENESIS INDUCED BY TUBES OF PLASTIC MESH 
Louis G. HERRMANN, M.D., AaNnp CLAUDE Bouuack, M.D.,* CINCINNATI, OHIO 


(From the Department of Surgery, College of Medicine, University of Cincinnati, and the 
Lucie Rawson Laboratory for Vascular Research, Cincinnati General Hospital) 


HE great strides which have been made in the field of vascular surgery dur- 
ing the past five years, and which were so ably presented here today, give us 
all reason to be very proud. We are certain this progress will continue but we 
would like to pause and reflect for a few minutes upon the pathologie-physiologie 
aspects of arterial replacement. The recent surgical literature is replete with 
reports of successful bridging of defects in large arteries by a great variety of 
methods and with an equally great variety of autogenous, homologous, metallic, 
and synthetie prostheses. We believe each of us should now direct part of our 
efforts toward a critical analysis of our own experiences with these various ma- 
terials, with the main object of learning more about the mechanisms which are 
responsible for the success or failure of any given prosthesis to continue to ful- 
fill the physiologic function of a large artery when transplanted into man. 

Ever since the pioneer work of Payr,! Carrel,? Watts,? Tuffier,* Leriche,°* 
and Murray,® our vascular surgeons have realized the importance of re-establish- 
ing the continuity of large arteries after extensive injury. We had accom- 
plished this in occasional patients in whom the injury to large arteries resulted 
from extensive wounds of violence; nevertheless, it was not until the urgencies 
of war made available everywhere the effective antibiotic agents, the means for 
effective supportive treatment during long surgical operations, improved anes- 
thesiology, and more suitable instruments and materials, that the routine re- 
establishment of large arterial pathways could be performed safely and with 
excellent chances of lasting success, as we heard this morning from our president, 
Dr. Linton. 

We have all been aware of the fact that autogenous materials are most de- 
sirable, but no single tissue or sacrificable blood vessel in man has been wholly 
satisfactory as a replacement for a large artery. Tubes made from peritoneum 
or fibrous tissue, and even large veins, lack the tough elastic layer of a large 
artery. Dilatation or degeneration, with eventual occlusion by thrombosis or 
fibrosis, was the usual end result of such free vascular grafts, although a small 
percentage of these grafts did prove successful for many years.® 

The bridging of defects in large arteries, especially those arteries in which 
there is great intraluminal pressure, presents other problems and hazards. In 
order to provide additional strength in a vascular graft, surgeons again began 


Read at the ninth annual meeting of the Society for Vascular Surgery, Atlantic City, N. J., 


June 5, 1955. 
*Fellow of the Rockefeller Foundation from the University of Strasbourg (Surgical 


Service of Professor Fontaine), France, 1954-1955. 


993 


994 HERRMANN AND BOLLACK Surgery 
December, 1955 


to implant fresh or preserved segments of large arteries from other human 
beings, even though past experience had already shown that homologous grafts 
of all living tissues of man failed to retain their original function after trans- 
plantation. The technical, biologic, and legal aspects incident to obtaining, 
sterilizing, storing, and implanting such homologous arterial grafts present 
further obstacles to their universal use. 


Fig. 1.—A, Photograph of the adventitial layer of fibrous tissue which has been laid 
down about the. plastic mesh tube 30 days after implantation of the prosthesis; B, enlarged 
view of the wall of the newly formed artery, showing the smooth, glistening, intimal-like 
lining of fibroblasts and the thick adventitial layer of fibrous tissue with the plastic mesh 
serving as the elastic tissue layer of the aorta. 


It was only natural for investigators to study again the fundamental aspects 
of the problem and renew the search for a more suitable and easily obtainable 
substance to bridge defects in large arteries. A great variety of synthetic ma- 
terials were being produced by the chemists and some of the sheets and fibers 
even surpass the strength, smoothness, and inertness of silk and metals. The 
body tissues tolerated many of these plastic substances even better than they 
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tolerated fibers of animal origin. Surgeons therefore began to implant tubes 
of these impervious plastic materials, with and without a lining of autogenous 
vein, to bridge defects in large arteries. These tubes proved reasonably success- 
ful and, because of their inertness and their blood-repellent property, they func- 
tioned, with relatively few complications, as replacements for segments of large 
arteries of the neck and the extremities. 

It has been our belief for many years that the replacement of large arteries 
is primarily a physiologic rather than an anatomic problem. To fulfill all the 
physiologie requirements, at the present stage of our knowledge of the antigen- 
antibody reaction, defects in large arteries must be bridged by autogenous tissues. 
It therefore seemed logical to try to promote arteriogenesis by the use of an 
elastic framework of some inert and pervious material, through and about which 
the fibroblasts could proliferate and form permanent functional, as well as 
protective, layers for the newly formed artery. 

Voorhees, Jaretzki, and Blakemore’ suggested the first practical approach 
to the fulfillment of the physiologic requirements for arteriogenesis when they 
demonstrated that closely woven cloth of Vinyon-N caused the autogenesis of 
arterial coats from fibroblasts, while the plastic cloth tube actually served as the 
elastic tissue layer of the newly formed artery. We believe this is a fundamental 
contribution to the problem of arterial replacement and our own experiences 
with fine mesh tubes of Orlon and Vinyon-N fibers have convinced us that ‘‘ar- 
teriogenesis’’ by this means is not only possible but is a major step toward the 
practical solution of some of our most perplexing surgical problems. 

Hufnagel,? Shumacker,® and their associates used impervious plastic ma- 
terials and their results have added much to our knowledge of the biologie reac- 
tion to these synthetic substances. We believe, however, that the remarkable 
ability of the plastic cloth to bring about arteriogenesis depends upon the 
physical property of being pervious as well as elastic. 


HISTOLOGIC STUDIES 


Histologic sections made at various intervals from two days to one year at 
the junction of the aorta with the plastic mesh tubes or patches of Orlon or 
Vinyon-N mesh have been studied carefully. It has been found that the plastic 
mesh tube is quickly covered by a layer of fibrous tissue which is continuous with 
the adventitia of the aorta (Fig. 1). There appears to be no cellular reaction 
around the fibers of the Orlon or Vinyon-N in any of the specimens which have 
been removed, and only occasional giant cells were found about the fine silk 
sutures which were used to hold the plastic mesh tube in place at the original 
operation (Fig. 2). The inside lining of the plastic mesh tube is made up of a 
thin layer of cells which are of fibroblastic origin. These fibroblasts are seen 
to extend through the meshes of the plastic tube from the outer layers of the 
artery and the fibrous tissue layer which is continuous with the adventitia of the 
artery. Within thirty days, a well-formed layer of fibroblasts lines the entire 
plastic mesh tube and this layer is continuous with the intimal lining of the 
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Fig. 2.—A, Cross-section of an aorta upon which a patch of Vinyon-N mesh had been 


sewn to repair a defect. The degree of autogenesis of the layers of the artery is shown 97 
days after the patch was sewn on the aorta; B, enlargement of the small square shown in 
A, demonstrating that the intimal layer of the normal artery is continuous with the newly 
formed layer of fibroblasts which forms the inside covering of the plastic mesh patch. 
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aorta above and below the prosthesis (Fig. 3). The blood-repellent property of 
these plastic fibers is probably responsible for the fact that thrombosis does not 
take place before the proliferation of the fibroblasts from the outside of the tube 
to the inside is complete. In our experience, thrombosis did not oceur in any 
of the plastic mesh tubes which were implanted. 


Fig. 3.—The process of arteriogenesis as shown in a longitudinal section of the newly 
4 = C, heavy protective outer coat of fibrous 
SUMMARY 
In our studies,’° which are being reported in detail, we used Orlon and 
Vinyon-N mesh in the form of patches and tubes. The bleeding through the 
meshes of the cloth of Vinyon-N, which has been mentioned by Voorhees, Shu- 
macker, and Hufnagel, is related to the kind of weave, as well as to the physical 
character of the fiber itself. The bleeding has not been troublesome or serious 
in our experience. Orlon fiber is smoother and finer and ean be woven tighter ; 
consequently, it does not permit as much ‘‘bleeding through the mesh’’ and 
therefore has been preferred by many investigators. Both Orlon and Vinyon-N 
mesh are well tolerated by the body tissues and both possess a degree of elas- 
ticity which closely approximates that of the elastic layer of the aorta. Numer- 
ous attempts have been made to fashion tubes with branches or a facsimile of 
the aortic bifurcation. The hand-fabricated tubes make functional segments, 
but several investigators (Voorhees, Blakemore, Hufnagel, Shumacker, and our- 
selves) believe that seamless tubes of these fibers in various sizes, shapes, and 
with desired branches for renal arteries, common iliae arteries, and even smaller 
arteries, will be fabricated by some ingenious person within the near future. 

The histologic studies indicate that the pervious and elastic matrix has 
served as a framework upon which body eells, principally fibroblasts from the 


¢ 


998 HERRMANN AND BOLLACK 


periarterial or retroperitoneal or retropleural tissues, have been able to pro- 
liferate through the meshes. This gives a smooth layer of fibroblasts which 
serves as the intima, with heavier coats of fibrous tissue outside the plastic 
mesh to serve as protective coats of the new artery (Fig. 3). Secondary con- 
traction of the fibrous outer coat is prevented by the continued stretching due 
to the elasticity of the plastic mesh. We believe this is arteriogenesis and should 
be a practical method for replacing even long segments of large arteries, since 
the functional layers develop from without inwardly. This method of arterio- 
genesis is worthy of more serious study and further application in man. 
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LONG-TERM OBSERVATIONS ON FREEZE-DRIED VASCULAR 
SEGMENTS AND THEIR STERILIZATION BY COBALT 
IRRADIATION 


JAMES L. BUCHANAN, M.D., AND ALBERT G. MARRANGONI, M.D., PirrspurGH, Pa. 


(From the Department of Vascular Surgery, Mercy Hospital, Uniwersity of Pittsburgh 
School of Medicine) 


HERE has been an increasing interest in the use of vascular segments pre- 

served by the freeze-drying method or lyophilization in surgical treatment re- 
quiring bridging of arterial defects. This method of preserving vessels was 
first described by Marrangoni and Cecchini’ ? and since that time numerous in- 
vestigators® 7 have reported satisfactory functional results experimentally. It 
has become popular for clinical use at the present time.® 7° Long-term observa- 
tions on aortic homografts used in the fresh state, preserved in balanced electro- 
lyte solution at 4° C., and those kept at -27° or -70° C. after quick freezing 
have been reported by Coleman, Deterling, and Parshley.12 Because of the 
present popularity of the freeze-drying process, we felt that it was important 
to determine the long-term experience with this method as compared with those 
previously reported. 

In the past few years high-speed electrons and radioactive isotopes have 
been utilized to sterilize tissue for transplantation. Meeker and Gross’? de- 
scribed the use of a high-speed electron stream produced by Van de Graaff 
machine as a practical clinical means of sterilizing aortic grafts. MaCris and 
Sloan?® reported experiments with gamma irradiation from radioactive cobalt 
for the same purpose. While the use of the Van de Graaff machine has appar- 
ently proved a satisfactory means of processing grafts, its usefulness is limited 
to relatively few centers because of the expense and technical knowledge re- 
quired in procuring and maintaining such a machine. 

With the widespread use of radioactive cobalt in the treatment of malig- 
nancy, it was felt that this method of sterilization would be more readily avail- 
able than the previous one. Since there have been few reports on radiation 
sterilization of vascular segments, experiments were conducted to determine 
whether or not radioactive cobalt irradiation could be made a practical method 
for processing these grafts without altering their structure and cellular in- 
tegrity. 

METHODS OF STUDY 
Long-Term Observations on I'reeze-dried Vascular Segments.—The technique of preserva- 
tion has been reported previously by one of us (A. G. M.). Femoral and aortic transplants 
preserved from two days to five years were implanted into twenty-five dogs by end-to-end 
anastomosis. No chemotherapy or anticoagulants were used postoperatively. No hindlimb 


paralysis or other evidence of spinal cord damage was observed as a result of occlusion of the 
aorta except in two dogs which developed thrombosis of their grafts at four and eight days, 
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respectively. The remaining twenty-three were followed postoperatively by palpation of 
peripheral arterial pulses and arteriography. They were sacrificed at appropriate intervals 
for microscopic study of the grafted tissue. 


Sterilization of Vascular Segments by Cobalt Irradiation.—Segments of aorta from pigs 
and adult dogs were contaminated with 4-day-old cultures of Bacillus subtilis and placed in 
sealed test tubes. The anaerobic spore-bearing organisms were chosen because they have been 
shown to be the most resistant to radiation sterilization. 

Three methods of preparing the vessels for irradiation were used: (1) irradiation at 
room temperature; (2) irradiation after quick freezing at -—27° C. or -—70° C.; and (3) 
irradiation after lyophilization. 


Fig. 1.—Microscopic appearance of an arterial segment which had been preserved by freeze- 
drying for four years. 


The segments of arteries were exposed to various doses of irradiation from Cobalt6° 
ranging from 15,000r to 2,000,000r to determine the amount which would consistently produce 
sterile cultures. Various specimens were examined grossly and microscopically immediately 
after irradiation and at intervals of one, three, and six months. 


RESULTS 


Results on the Long-Term Observations of Freeze-dried Vascular Seg- 
ments.—Vascular segments subjected to freeze-drying are essentially nonviable 
as determined by tissue culture. Despite the long periods of preservation, 
these segments took on the appearance of normal vessels after hydration with 
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physiologic saline solution except that they were somewhat paler. No attempt 
was made to determine the water content of the graft at the time of implanta- 
tion. Microscopic examination of these segments following prolonged preserva- 
tion showed no degenerative changes within the grafts from storage (Fig. 1). 

These vascular grafts were effective as a means of bridging arterial defects. 
Except for the two early failures, all the segments showed open channels by 
arteriography. No adverse effects were noted grossly in the grafts which could 
be attributed to prolonged preservation. There appeared to be no more loss 
of elasticity of the graft wall than was present at the time of transplantation. 
Some increase in the fibroblastic response about the graft wall was noted after 
three months; however, this was indistinguishable from the adjacent normal 
vessel. No aneurysms developed in any of the grafts, but it was noted that 
there was a slight dilatation and thinning of the graft walls which could not be 
established as being progressive in nature. Small mural thrombi were noted in 
‘some grafts. These organized and endothelized. There were atheromatous 
changes noted in the 3- and 4-year-old implants. In addition, a moderate 
amount of calcification was found in the region of the old tributaries. There 
were no microscopic degenerative structural changes due to prolonged storage. 
A wedge-shaped thrombus formed at the site of anastomosis with some edema; 
and, by the eighth day, there appeared a proliferation of the fibroblasts and en- 
dothelial cells from the host. In those grafts which were stored for three years 
or more before being used, there was moderate necrosis of one or more layers 
of the graft wall following implantation. The necrosis was not extensive enough 
to produce weakening of the vascular channel (Fig. 2.). 

Degeneration of the smooth muscle was observed on the eighth day and 
this area became accelular and homogeneous in appearance (Fig. 3). The 
elastic framework appeared to maintain its normal pattern up to about one 
year and then there was fragmentation of the elastic tissue (Figs. 4 and 5). No 
definite calcification was noted within the graft wall. There was a mild fibro- 
blastic response about the graft and this diminished in reaction from year to 
year. At the end of twelve to eighteen months these implants did not resemble 
the normal pattern except for the endothelial lining (Fig. 6). The remaining 
layers were composed of fibrous connective tissue with variations of the elastic 
framework. As previously mentioned, atheromatous changes with some ealei- 
fication were noted in the intimal layer. The histologic changes found in these 
homografts resembled those observed with other homografts regardless of the 
method of preservation, the only exceptions being that there was less tissue 
reaction about the graft and they were more refractory to thrombosis. 

Results of Sterilization by Cobalt Irradiation.—As reported by Meeker and 
Gross!” and MaCris and Sloan,'* the level of irradiation which was found to be 
effective in destroying spore-bearing organisms was 2,000,000 REP. Smaller 
doses of irradiation ranging from 50,000 REP were often sufficient to produce 
no growth or culture from septic segments as obtained at autopsy, but this was 
not constant. It was felt, therefore, that 2,000,000 REP was necessary to ensure 
consistent sterility. The amount of time required to obtain this level with the 
cobalt souree used in the experiment was about two weeks. With modifications 
of the cobalt source, this time could be shortened considerably. 
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Fig. 2. 


Fig. 2.—Microscopic appearance of a freeze-dried homograft in a dog ninety days after 
implantation. Storage time was three years and eight months. 

Fig. 3.—Microscopic appearance of a freeze-dried homograft in a dog fourteen days 
after penn tga demonstrating the loss of cellularity of the smooth muscle. Storage time 
was six months. 
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i Fig. 4.—Microscopic appearance of a freeze-dried homograft in a dog one year after 
implantation. Storage time was eight months and three days. 

: Fig. 5.—Microscopic appearance of a freeze-dried homograft in a dog three years after 
implantation. Storage time was four months. 
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The segments which were irradiated at room temperature showed no growth 
on culture at the time of implantation but they were found to be putrified and 
friable. There was immediate failure when transplanted because of the severe 
reaction about the graft and thrombosis. Marked degenerative changes were 
noted in these grafts microscopically. 


Fig. 6.—Microscopic appearance of a freeze-dried homograft in a dog four years after im- 
plantation. Storage time was four months. 


The results of irradiation of the quick-frozen grafts were the same as with 
those segments which were preserved at room temperature if they were allowed 
to thaw while they were being irradiated. No adverse effects were noted if these 
segments were irradiated in their frozen state. This was found to be impractical 
at the present time because of the difficulty of keeping the vessels frozen for the 
length of time required to deliver the sterilizing dose of irradiation. 
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Irradiation of vessels in their freeze-dried state seemed the only practical 
method with the cobalt source used in these studies. The only detectable changes 
were in the intima (Fig. 7). For the most part, these structural changes re- 
sembled those seen in freeze-dried grafts obtained under aseptic precautions or 
sterilized by ethylene oxide. The fate of these grafts following implantation 
in dogs is being studied at the present time. 


Fig. 7.—Microscopic appearance of a freeze-dried homograft exposed to sterilizing dose 
cobalt irradiation (2,000,000 REP). 


DISCUSSION 


The long-term observations on arterial segments preserved by the freeze- 
drying method have demonstrated degenerative changes similar to those reported 
by Coleman, Deterling, and Parshley™! and Meeker and Gross’? with other 
methods of preservation. The degree of atheromatous changes observed in these 
grafts was not alarming and all grafts were functioning properly at the time 
of removal. 
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The strength of the graft wall does not appear to be influenced by the 
alterations in the elastic fibers and thinning of the graft. Although aneurysms 
have been reported, particularly in venous transplants, no aneurysms were 
noted in this series or in any lyophilized homografts which have been used 
clinically, to our knowledge. Because of the ease of storage, the minimal tissue 
reaction, and its tendency to resist thrombosis, the freeze-dried graft has be- 
come the most popular for clinical use. 

Although irradiation preservation of meats, potatoes, and other food products 
in their fresh or frozen state has been described, the cobalt irradiation of vas- 
cular segments using this method is impractical. The length of time required 
for sterilization is too long as compared with other methods; however, the time 
interval could be shortened if the cobalt source were placed in direct contact 
with the graft. Irradiation of tissue at room temperature produces drastic 
changes in the enzyme systems and organic composition. The possibility of 
irradiating these vessels in their frozen state with a cobalt source in direct 
eontact with the graft, in order to shorten the time interval required, and then 
allowing them to thaw and be stored at room temperature is being explored. 
This has not been accomplished with the ordinary cobalt unit used for irradia- 
tion therapy. It would require an additional cobalt supply with necessary 
shielding, making it uneconomical. 

The irradiation of vessels with the cobalt source used in these experiments 
was found to be a satisfactory method of sterilizing contaminated vascular seg- 
ments in their freeze-dried state. Freeze-drying permits their storage at room 
temperature for indefinite periods of time so that the time interval required for 
sterilization is not a crucial factor. The irradiation dosage can then be frae- 
tionated so that a cobalt source used in radiation therapy can be utilized during 
the intervals not required for treatment. Since there is no additional opera- 
tive expense involved, this method would seem practicable for those centers which 
maintain cobalt units. The ultimate fate of the grafts following implantation 
in animals has not been studied in these particular experiments. It will be 
necessary to know the long-term results before recommending it for clinical use. 

The sterilization of arterial segments by ethylene oxide described by Huf- 
nagel, Rabil, and Reed’ has proved a satisfactory means of processing con- 
taminated grafts with little structural change. We have used this method for 
sterilization followed by preservation at -30° C. and have found it adequate 
where prolonged storage of grafts is not required. This should be useful in 
hospitals which do not maintain equipment for lyophilization of blood vessels. 
In those centers in which freeze-drying equipment is available, the sterilization 
by cobalt irradiation may be feasible since there is no additional expense in- 


volved and no appreciable hazards. 


SUMMARY AND CONCLUSIONS 


1. The long-term observations of vascular segments preserved by the freeze- 


drying method has been presented. 
2. The histologic changes in these homografts resemble those observed with 


other homografts. 
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obtaining numerous arterial grafts and for his aid in our animal experimentation. 
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3. There is less tissue reaction and a minimal tendency toward thrombosis 


in these segments. 


4. Cobalt irradiation for sterilization of blood vessels in their frozen state 


is impracticable with the method described. 


5. The sterilization by cobalt irradiation following lyophilization was ac- 


complished with minimal tissue destruction. 


6. Further animal experimentation will be necessary before this method can 


be recommended for elinical use. 
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USE OF VESSEL GRAFTS AND PLASTIC PROSTHESES FOR RELIEF 
OF SUPERIOR VENA CAVAL OBSTRUCTION 


A, DETERLING, JR., M.D., AND Suivas1 B. BHonsuay, M.D., 
New York, N. Y. 


(From the Department of Surgery, College of Physicians and Surgeons, Columbia University, 
and the Surgical Service of Presbyterian Hospital) 


HE clinical syndrome of chronic obstruction of the vena cava is relatively 

uncommon and may escape correct diagnosis for some time. Edema of the 
face, neck, and arms, often intermittent, should suggest the possibility of such 
a diagnosis. Determination of the venous pressure in the upper extremities, 
standard roentgenograms of the chest, and laminography, as well as visualiza- 
tion of the vena cava with organic iodides, confirm the condition. Among the 
causes are malignant tumors of the mediastinum, especially the Hodgkin’s 
type of lymphoma. Occasionally a large aneurysm of the ascending arch of 
the aorta will cause caval obstruction. When such lesions have developed 
sufficiently to produce obstruction, radical surgical attack is usually neither 
possible nor reasonable. On the other hand, one may encounter obstruction 
on the basis of chronic fibrosing mediastinitis or chronic tuberculosis of 
mediastinal lymph nodes. While obstruction of the cava initiates a very ex- 
tensive collateral circulation, it never becomes sufficient to compensate com- 
pletely for caval blood flow. However, in some patients symptoms are not 
troublesome enough to warrant surgery. Nevertheless, the vascular surgeon 
should be equipped with the best technique for replacement of the obstructed 
vena cava when indicated. 

Replacement of the great veins is attended by problems of a different type 
from those associated with aortic grafting. The wall is thinner, more flexible, 
and compressible, and, although blood flow may be great, the pressures are 
very low. Consequently, disproportion in the diameter or length of replace- 
ment may result in angulation, buckling, or ridging of the graft, thus reducing 
the chances of functional success. 


METHODS 


Late in 1951, we began to study replacement of the superior vena cava of dogs. 
Since that time, twenty-four implantations have been performed. A standard technique 
was employed in all instances. Ventilation was controlled by a Rand type apparatus 
delivering oxygen and ether, following the induction of anesthesia by intravenous penta- 
barbital sodium (30 mg. per kilogram of body weight). The right chest was opened by a 
lateral intercostal incision in the fourth intercostal space. With the lung retracted, the 
mediastinal pleura was incised and the superior vena cava mobilized from its bifurcation 
to its entry into the right auricle. In dogs averaging 15 kilograms of body weight, the 


Supported by grants from the American Heart Association, New York Heart Association, 


and Eli Lilly & Company. 
Read at the ninth annual meeting of the Society for Vascular Surgery, Atlantic City, 


N. J., June 5, 1955. 
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superior vena cava measured about 2.5 em. in length. A Beck-Potts clamp usually was 
placed across the bifurcation of innominate veins, although in some dogs these vessels 
were controlled by a doubled loop of braided cotton tape. A Potts ductus clamp was 
placed across the vena cava at its entry into the auricle. After resection of a segment 
approximately 1.5 em. in length, a replacement of similar dimensions was implanted. Two 
fixation sutures of 5-0 braided arterial silk swaged on a % circle taper-point needle were 
placed equidistant along the circumference. A posterior row of sutures was placed, using 
a continuous over-and-over technique, followed by an anterior row of similar type. The 
distal clamp was removed first in order to allow blood flow to extrude air from the graft 
and as a check of the suture line. The clamp adjacent to the auricle could be removed 
almost immediately. The total period of caval occlusion averaged twenty-five minutes. 

No antibiotic drugs were instilled in the chest. The posterior parietal pleura was 
closed over the graft and the chest was closed in layers with silk. Full expansion of the 
lung was then achieved by means of a temporary intrapleural catheter and positive pres- 


sure control of respiration. 


Peripheral 
vein graft 


Fig. 1.—Preparation of venous autograft. A, Segment of peripheral vein is flushed with 
heparin-saline solution. The vein is then divided into two equal lengths. These are cut in 
the long axis to produce two panels. B, The panels are pinned to a cork board, and the 
adjacent edges sewn with 6-0 braided silk suture. OC, The single, wide panel is then brought 
together over a glass tube and the free edges sewn in similar fashion. D, The two-panel 
vein graft thus prepared has a length and diameter matching the recipient superior vena cava. 


A. Tissue Grafts.— 
1. Aortic homografts: The original series consisted of four grafts of thoracic aorta 
stored in Simms’ X6 electrolyte solution containing 10 per cent homologous serum and anti- 


biotic drugs. These grafts had been stored at 4° C. for from one to four weeks before use. 


The length averaged 1.5 em. 
2. Venous autografts: A 4 em, length of external jugular vein was excised and washed 


in a saline and heparin solution. It was then divided into two grafts af equal length. 
These were cut lengthwise and sewn together with 6-0 silk to produce a single vein graft 
1.8 em. long, with a diameter approximately that of the vena cava (after the method of 
Hurwitt and associates!) (Fig. 1). Four such grafts were implanted. 
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B. Synthetic Replacement.— 

1. Ivalon tubing: Tubing measuring 2.0 em. outside diameter and 1.2 cm. inside di- 
ameter was supplied* (Fig. 2,4). Four implantations were made of lengths averaging 1.7 
em. 

2. Woven fabric: A taffeta weave of 70 denier multifilament nylon yarn was selected 
because of medium porosity. The fabric was 0.0045 inches in thickness and had a thread 
count of 172 x 126. Tubes were fashioned by sewing the fabric with cuffed ends, using a 
fine needle on a standard electric sewing machine and nylon thread. A short stitch was 
used, with a double line of stitching at each seam (Fig. 2,B). This material was used in 
three dogs. A similar tube of a calenderedt Dacron taffeta fabric was used in six animals. 
This cloth had low porosity and measured only 0.00375 inch thick. The thread count of 40 
and 70 denier yarns was 116 x 84 after calendering, a process which gave the fabric a very 
smooth surface. 

3. Woven seamless tubet: A moderately stiff nylon tube, woven of 400 denier multi- 
filament yarn and measuring 1.5 em. in diameter by 1.8 em. in length was placed in cavae of 


three dogs (Fig. 2,C). 


Nutrient Aorta to 
Superior Vena Cava 


Nutrient aorta 
In cava 1 month 


A. B. 


Fig. 3.—Gross appearance of aortic homografts implanted into the superior vena cava of dogs. 
A, At one month; B, at seven months. 


RESULTS 


Because of the variable length of follow-up periods of these replacements, 
some of them being recent, conclusions regarding long-term function cannot 
be drawn at this time. This report, therefore, will present the comparative 
behavior at time of implantation and during the first six-month period of 
funetion. 

A. The aortic homografts had good elasticity and thickness of the wall so 
that handling and suture technique were easy. Minimal pulsation was ob- 
served when flow was resumed, however. Because of the flexibility, the 
anastomoses could be performed with no discrepancies in the suture line. 
Within a few weeks, there was an over-all contracture of the graft, associated 
with loss of viable cells and investment by fibroblasts of the host. The graft 
assumed an elliptical cross-sectional contour in the absence of distension, as 
with arterial pressures. After several months, the contraction process re- 

*Through the courtesy of Ivano, Inc. 

fA smooth surfaced texture is achieved by passing the cloth through heated rollers under 


pressure. 
tSupplied by Ethicon Suture Laboratories, New Brunswick, N. J. 
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sulted in furrows and corrigations (Fig. 3,4 and B). In one graft, a 30 per 
cent reduction in lumen resulted from a mural thrombus, and, in all animals, 
the graft itself reduced in diameter as much as 40 per cent from the contraction 
process. Function was within satisfactory limits, with no rise in venous 
pressures nor edema of the head. 

B. The venous autografts functioned very well initially. At the time of 
implantation, the graft appeared grossly and functionally identical to the 
adjacent cava (Fig. 4, 4). However, complete occlusion of all four venous 
autografts occurred within one month. In at least two, the obstruction began 
at the suture line nearest the heart. At the time of obtaining cavagrams of 
dogs with occluded grafts, the pressure in the right external jugular vein 
measured from 200 to 260 mm. of saline. 

A. B. 


Fig. 4.—Gross appearance of functioning replacements of the superior vena cava of 
dogs at the time of implantation. A, Venous autograft; B, Ivalon sponge tube; C, tube of 
Dacron taffeta fabric; D, woven seamless nylon tube. 


C. The success with synthetic materials was disappointing. The Ivalon 
tube was very easy to implant and the inside diameter matched that of the 
vena cava (Fig. 4,B). However, moderate reduction in lumen resulted from 
thrombosis, being maximal at the suture line nearest the auricle. Blood flow 
appeared significantly reduced as a result (Fig. 5, B). In none was function 
satisfactory. 
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Fig. 5.—Cavagrams of dogs with replacements in the superior vena cava. A, Complete 
occlusion of venous autograft at two weeks. The excellent collateral circulation is well 
shown. B, Although slight reduction in the lumen of an Ivalon tube has occurred, there is 
moderate obstruction to blood flow at the lower anastomosis. Nevertheless, collateral chan- 
nels are not yet evident. C, Complete occlusion of a Dacron fabric graft shown at seven 


weeks. (For D, see following page.) 
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D. Results with Dacron or nylon taffeta fabric were somewhat better. 
At the time of insertion of the graft, the replacement appeared satisfactory 
(Fig. 4, C). Unfortunately, because of pulmonary complications related to 
induction of anesthesia, empyema developed in two dogs with Dacron grafts. 
These thrombosed completely within a week, as was suspected by the poor 
clinical appearance of the animals and the presence of edema of the head 
(Fig. 5, C). In two others there was moderate reduction in the size of lumen 
because of thrombosis, but in the remaining two function remained satis- 
factory, as judged by venous pressure in the external jugular vein and by 
cavagrams. Among the three replacements of nylon fabric, there were two 
with marked reduction in blood flow as a result of thrombosis, but an ex- 
cellent result was obtained in one (Fig. 5, D). 


Fig. 5, D.—Graft of nylon taffeta fabric functioning well at seven weeks. Note the slight 


constriction at the lower suture line. 


The stiff, woven, seamless tube of nylon appeared to be excellent at the 
time of insertion (Fig. 4, D) but did not pulsate with variations in blood flow. 
It was thought that the resistance to collapse might ensure better patency. 
This was not found to be so, since marked or complete thrombosis occurred 
within a week or two. 


In summary, the results with homologous aortic grafts were superior to 
those with synthetic materials. Venous autografts functioned poorly, con- 
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trary to expectations. Better results might be achieved with the use of 
interrupted sutures for the anastomoses, since many failures appeared related 
to narrowing at the lower suture line. 


Clinical Experience.—During the past four years, we have explored seven 
patients with obstruction of the superior vena cava. In the first of these, a 
tumor was present in the upper right mediastinum (Fig. 6). Exploration re- 
vealed a thymic tumor of Hodgkin’s type, which had invaded the upper lobe 
of the lung and chest wall and invested all the great veins in this region. The 
patient has responded well to irradiation treatment during the past four 
years. In two other patients, a lymphoma was found, and irradiation was 
subsequently employed. In two additional patients there was a large sacculo- 
fusiform syphilitic aneurysm of the ascending arch of the aorta. Resection 
was not possible, and instillation of wire or use of external support was not 
feasible. The superior vena cava was involved in inflammatory tissue of the 


Fig. 6.—Cavagram of a young woman with thymic tumor of Hodgkin’s type in right 
upper mediastinum. There is complete occlusion of the superior vena cava and a well-developed 
collateral venous circulation. 


wall of the aneurysm and was flattened by expansion of the sac. These 
patients were alive two years later and still have evidences of caval obstruc- 
tion. In one patient, not explored, there were calcific nodes in the suprahilar 
region of the left mediastinum. There was intermittent swelling of the upper 
extremities and face, but the venous pressure was only 180 mm, of saline. 
Cavagram revealed a partial obstruction of the superior vena cava with little 
evidence of collateral vessels. The patient was given antimicrobial therapy for 
possible tuberculosis, and has been under observation for about a year. 

The remaining patient of the group subjected to operation did have com- 
plete caval and azygos obstruction from tuberculous lymph nodes. Resection 
of the segment and use of an aortic homograft was performed. This has 
functioned well during a follow-up period of eighteen months. 
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CASE REPORT 


M. M., a 36-year-old single white woman, was first admitted to Presbyterian Hospital 
on Jan. 4, 1954, with a complaint of intermittent swelling of the face and arms for about 
one year. Past history revealed that as a child she had had an abscess under the right 
mandible which had to be drained surgically. It was said to be tuberculous and sub- 
sequently she received a course of irradiation to the area. She also had a long history of 
allergy, including hay fever and hives. 

About a year before admission the patient had begun to notice an increase in the 
size of her arms and a filling of the facial contour. This became so noticeable that she 
had to alter the sleeves of her dresses and her friends frequently commented upon the 
difference in her face. The enlargement here was intermittent and at times was accom- 
panied by periorbital edema. She had noted that the neck veins were more prominent 
and that superficial veins had become noticeable on her arms and chest. When bending 


A, 


Fig. 7.—A, Standard roentgenogram of the chest of a patient with occlusion of superior 
vena cava resulting from chronic mediastinal lymphadenopathy. No significant abnormalities 
are observed except for some calcification in the right hilar area. B, Laminogram at the 
12 cm. level reveals a soft tissue mass with an incomplete ring of calcification in the region 
of the superior vena cava. The calcific area observed on the standard film is below and 
lateral to this. C, Cavagram shows a complete obstruction of the superior vena cava im- 
mediately below the junction of the innominate veins. Collateral circulation is achieved 
through the hemiazygos, internal mammary, transscapular and intercostal veins. 


over she noted that her face became “fuller” and that her hands became red when they 
were in a dependent position for an extended period of time. She was extensively studied 
in another city where negative roentgenograms of the chest and cervical spine were ob- 
tained. She was treated for some months as a patient with angioneurotic edema. Some 
improvement was thought to have followed a course of cortisone. Other diagnosticians 
raised the question of a costoclavicular syndrome. 

She had a relatively negative past history otherwise, with a stable emotional pattern. 
Her appetite was good. She had never had any history of cardiac, pulmonary, or renal 
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difficulties. She had had a nontoxic adenoma removed from the right thyroid gland in 
1945 and a hemorrhoidectomy in 1943. In addition she had had several courses of in- 
jections for varicose veins in 1948. Roentgenographic study of the gastrointestinal tract 
had previously indicated a “spastic colitis.” 


Physical examination revealed a slightly obese young woman in no acute distress. 
The skin was of normal color and texture. There were prominent superficial veins on the 
arms, chest, and in the neck. The arms appeared rather obese. Examination of the eyes, 
ears, nose, and throat was negative. There was no noticeable glandular enlargement, ex- 
cept that a 2.5 em. solitary nodule could be felt in the left lobe of the thyroid near the 
midline. The chest was negative to percussion and oscultation. The breasts were normal. 
The heart was not enlarged. There were no murmurs. A, was greater than P, and there 
was a normal sinus rhythm. The blood pressure in the right arm was 106/70 mm. Hg and 
in the left arm 120/80 mm. Hg. The pulse rate was 72 per minute, The abdomen was 
slightly obese, but otherwise normal. 


Laboratory studies revealed a hemoglobin of 12.1 Gm., red count 4.3 million cells per 
cubic millimeter. The white blood count was 5,500 cells per cubic millimeter with 65 per cent 
neutrophils, 34 per cent leukocytes, and 1 per cent monocytes. The platelet count was 
251,000 per cubic millimeter. The sedimentation rate was 25 mm. per hour. The proteins of 
the blood were 6.2 Gm. per cent with an albumin of 4.1 Gm. per cent and a globulin of 2.1 
Gm. per cent. Nonprotein nitrogen was 27 mg. per cent and the blood urea nitrogen was 
9.5 mg. per cent. The urinalysis revealed the specific gravity of 1.007 and an acid reaction. 
Albumin and glucose were negative. There was an occasional white cell observed micro- 
seopically. A circulation time using 5 e¢.c. of calcium gluconate was attempted on two 
occasions, but no end point could be obtained. The venous pressures in the right arm averaged 
275 mm. of saline. A repeat of the circulation time using 5 ¢.c. of Decholin was twenty-two 
seconds. <A tracer dose of 49.7 we of I131 revealed a 23 per cent uptake in twenty-four hours 
over the thyroid gland. The standard chest roentgenogram obtained stereoscopically in the 
frontal projection as well as a left lateral film failed to show any broadening of the superior 
mediastinum, or abnormalities of the chest wall, lungs, heart, or great vessels (Fig. 7,4). 
Laminographic studies of the superior mediastinum did show irregular calcium shadows lying 
just below the right upper lobe main stem bronchus, above this and somewhat medially in the 
angle between the upper lobe bronchus and the trachea. In the latter area there were 
several irregular and ring-shaped calcific contours lying 1 or 2 em. anterior to the bronchi. 
The shadows were in the region of the superior vena cava and in the vicinity of the entrance 
of the azygos vein (Fig. 7,B). On an overexposed film there was the suggestion of a mass 
which could conceivably be obstructing the vena cava. An angiocardiogram was performed 
which revealed a complete obstruction of the superior vena cava just below the junction of 
the innominate and subclavian veins. There was an extensive pattern of collateral veins 
through the internal mammary and hemiazygos veins (Fig. 7,C). The diagnosis of complete 
obstruction of the superior vena cava was made with the etiologic agent presumably being 
chronic calcific tuberculous nodes of the mediastinum. 

On Jan. 12, 1954, the right chest was entered through a posterolateral incision. The 

pleural space was entered through the fifth intercostal space, which permitted excellent ex- 

posure of the superior mediastinum, The pleura in the region of the superior vena cava was 

thickened and there was a tuberculous lymph node measuring approximately 3 by 2 by 2.5 em. 

lying in the junction formed by the azygos vein and superior vena cava. This node had 

contacted, completely occluding both the azygos vein and the superior vena cava. The large 

thin-walled collateral veins noted in the visualization study were also observed. The segment 

of caval obstruction began about 2 cm. proximal to the heart and ended almost at the 

junction of the innominate veins (Fig. 8,4). <A section of the tissue was sent for frozen 

sections and this examination indicated chronic inflammation, rather than malignancy. The 

phrenic nerve was dissected from the surface of the mediastinal pleura and pericardium and 

was retracted anteriorly and medially. The subclavian and innominate veins were dissected 

free in their bed. After cutting the posterior pleura, double loops of braided cotton tape 

were placed about these veins for hemostatic control. A distended, tense azygos vein was 
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divided and secured with a transfixion suture of 3-0 braided silk. The pericardium was 
entered to expose the right auricle and a 1.5 em. segment of superior vena cava. The ob- 
structed portion of the superior vena cava was then under control and was dissected from a 
very heavily fibrosed bed. Approximately 80 per cent of the node could be excised (Fig. 9,4). 
The vena caval wall was incised to determine if a contacted, patent channel were present, but 
this was not present. Accordingly, it was necessary to resect a 4 em. length of vena cava 
and an aortic homograft of the same dimensions was implanted. A continuous suture anasto- 
mosis anteriorly and posteriorly between equidistant traction sutures of 5-0 braided arterial 
silk was carried out above and below without difficulty (Fig. 8,B). The proximal clamp was 


Sup.VC. 


A B 


Fig. 8.—A, Complete obstruction of the superior vena cava and azygos vein caused by 
chronic inflammatory mass surrounding these structures; B, resection of segment of vena 
cava and mass was followed by insertion of an aortic homograft. 


removed to allow filling of the graft and extrusion of air. There was no bleeding and the 
distal clamp was then removed with satisfactory restitution of blood flow through the 
The fat pad overlying the pericardium was dissected free and swung 


superior vena cava. 
The pericardium 


beneath the graft to lie on the surface of the partly excised lymph node. 
was only partly closed around the vena cava to avoid subsequent constriction. When the lung 
was fully expanded, it covered the surface of the homograft. A mixture of sulfamylon- 
streptomycin and 400,000 units of penicillin were introduced into the chest as the lungs were 
expanded. <A large chest tube was placed in the eighth lateral intercostal space for drainage. 
The closure of the chest was carried out in layers employing silk suture technique. 

Careful examination of the removed specimen failed to reveal any acid-fast bacilli. 
There was a central mass of fibrous tissue with peripheral and intermingled lymphoid tissue, 
sometimes having well-formed lymphoid follicles (Fig. 9,8 and C). No definite tubercles 
could be seen, yet the diagnosis was considered to be tuberculosis. 

The patient had a completely uneventful convalescence. Penicillin was administered 
daily for 12 days in a dosage of 800,000 units daily and streptomycin was administered daily 
in a dose of 1 Gm. daily for six weeks. Subsequent to this, she received 1 Gm. of streptomycin 
twice weekly. On the eighth postoperative day, PASA (para-aminosalicylic acid) was 
administered by mouth in a dose of 4 Gm. daily for three days, but the oral drug was then 
changed to 300 mg, daily for niazide and this was continued for ten months. The patient 
was discharged on the fourteenth day following operation to continue on modified bed rest 
at home. A culture obtained from the lymph node, at the time of surgery, was negative for 
acid-fast bacilli. 

On May 28, 1954, the patient was seen because of some coccygeal pain and numbness of 
the lips. The latter was considered a side effect of streptomycin dosage. An angiocardiogram 
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obtained May 29 revealed a slightly diminished diameter of the aortic graft in the frontal 
projection, but adequate blood flow (Fig. 10). The venous pressures in the right arm were 
140 mm. of water. A roentgenogram of the chest at this time showed minimal pleuritis at 
the right base. The sedimentation rate was 11 mm. per hour, a blood count revealed a hemo- 
globin of 14.1 Gm. and a white blood cell count of 5,000 cells per cubic millimeter, and a 
normal differential count. The urine revealed a specific gravity of 1.012 with negative 
albumin and glucose. There were 6 to 8 red cells under a high-powered field of microscopic 
examination. The patient was seen in the office several times during the next five months 
and had no swelling of the face or arms. Her general health appeared good, but she did 
complain of menorrhagia and dysmenorrhea. Accordingly, she was readmitted Oct. 27, 1954, 


Fig. 10.—Cavagram obtained six months following insertion of aortic homograft into 
superior vena cava. There is apparent slight narrowing of the graft throughout its length, 
but no evidence of obstructed blood flow. 


at which time a dilatation and curettage were performed. Microscopic examination revealed 
active proliferative endometrium with large, thin-walled sinuses. There was no evidence of 
polyps or malignancy. At this time the blood count and urine were completely normal, The 
venous pressure in the right arm was 52 mm. of saline. A roentgenogram of the chest on 
October 29 revealed little change from the previous examination. At the time of this visit 
the antimicrobial drugs were stopped and when last heard from, in May, 1955, her state of 
health was excellent and she was still employed full time as an office manager in another 


city. 
DISCUSSION 
Experiments with replacements in the vascular system date back to the 
last century and one of the first to transplant a free segment of vein into an 


artery was Gluck in 1898.2 Within a few years, similar experiments in animals 
were reported by Exner,’ Hépfner,* Carrel and Guthrie,’ Carrel,® Watts,’ Stich 
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and associates,® and others. Variable and sometimes discouraging results 
attended these efforts in the period before antibiotic drugs and improvements 
in anesthesia and blood replacement. More recently, better results were re- 
corded by Blakemore and Lord® and Johnson and co-workers.’° These authors 
also used free vein grafts in peripheral arteries of human beings with success, 
as have others.'* Late aneurysm formation was observed when caval auto- 
grafts were transplanted into the aorta of dogs, however.'* ?° Autologous 
vein segments have been used as inlay grafts in arterial and aortic aneurysms, 
but with limited success.’* 17 The use of homologous caval transplants in the 
aortas of dogs failed to show any advantage over aortic homografts."® 

Less information is available regarding transplantation of veins into the 
venous system since most veins may be sacrificed without significant sequelae. 
However, free vein autografts have been employed successfully in the treat- 
ment of portal hypertension. Segments of superficial femoral vein have been 
used to bridge the gap between splenic vein and renal vein, and between 
portal vein or tributary and inferior vena ecava.'*-*!_ Limited success with 
tissue grafts, synthetic fabric, and plastic tubes in the external jugular vein, 
portal vein, inferior vena cava, and superior mesenteric vein of dogs has been re- 
ported by Egdahl and associates?? and Daniel.22 They observed better results 
with tissue grafts than with plastic tubes. Orlon fabric replacements were un- 
satisfactory. 

The use of replacements for obstructive lesions of the vena cava has been 
infrequent. A review of the subject in reference to lesions involving the 
superior vena cava was made by Klassen, Andrews, and Curtis** in 1951. In 
one patient these authors used a segment of peripheral vein implanted between 
azygos vein and auricle, employing an 8 mm. Blakemore-Lord Vitallium tube. 
There was partial decompression of the obstructive lesion during the short 
period of follow-up. In 1954, Scannell and Shaw?> reported two patients in 
whom free segments of superficial femoral vein were used to bridge an ob- 
structed segment of superior vena cava. In the first patient the graft extended 
from the right jugular vein to the right atrium. It was necessary to ligate 
the right subclavian as well as the left jugular and subclavian veins. The 
patient died on the eighth postoperative day, but despite the presence of an 
acute mediastinitis, the vein graft was patent. In the second patient, the graft 
was implanted in similar fashion. Although improvement was noted sub- 
jectively, the brachial venous pressure was 23.6 em. of saline three months 
following operation. This was of doubtful significance since the subclavian 
artery had been ligated. However, there was still congestion and reddening 
of the face if the patient bent forward while scated. A venogram revealed 
some constriction at the upper anastomosis. 

Samson” reported partial success in a patient with chronic mediastinal 
lymphadenopathy who had been irradiated because of a presumed diagnosis 
of lymphoma. A free graft of superficial femoral vein was used end-to-end 
at the upper end and end-to-side at the level of the atrium. Although symp- 
toms had improved, the venous pressures remained elevated. Kay?’ had 
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tried caval homografts in dogs with only 30 per cent success and subse- 
quently he operated upon three patients with caval obstruction secondary to 
chronic fibrosing mediastinitis. In the first, a venous homograft was implanted 
between the innominate vein and auricular appendage, but the patient died 
in the early postoperative period. In the second ease, the azygos vein was 
anastomosed to the auricular appendage without lasting success. At four 
months, the anastomosis had closed. In the third case, an autograft of super- 
ficial femoral vein was used between the innominate vein and auricular ap- 
pendage. During the follow-up period of five years, the graft ceased function- 
ing. Hanlon** reported the use of an aortic homograft to by-pass a caval ob- 
struction from malignant tumor. The graft was inserted into the end of the 
auricular appendage and into the side of the vena cava above the obstruction. 
The graft appeared to function for the remaining four months of the patient’s 
life. 

In 1954, Holman’ reported a patient with inflammatory obstruction of 
the superior vena cava in whom a segment of preserved aorta was used. The 
graft was implanted in the defect with end-to-end anastomoses but subse- 
quent follow-up indicated that the graft had become at least partially occluded 
at about twelve months. 

In 1955, Blum, Medl, and Keefer*® reported the use of an aortie bifurea- 
tion homograft for a congenital absence of the subrenal portion of the vena 
cava. The patient had extensive collateral veins of the abdominal wall with 
chronic ulceration in this region. In a short follow-up period the graft ap- 
peared to be functioning well. DeBakey* has also used freeze-dried aortic 
bifureation homografts for replacement of both the terminal aorta and in- 
ferior vena cava in a young man with a leiomyosarcoma. The function was 
apparently satisfactory several months later. 

It is of interest that the reconstruction of the superior vena cava in the 
reported cases, as in ours, was for obstruction produced by a chronic inflam- 
matory process, in all but one case reported by Hanlon (Table I). In one 
case reported by Scannell and Shaw, irradiation had been given for a tumor 
but at operation no evidence of a neoplastic process was found. In the case 
presented by Holman a mass had been noted, but this was found to be a mass 
of lymph nodes at time of exploration. 

Experimental work on the problem of caval replacement has been sparse 
despite the relatively high incidence of unsuccessful results clinically. Ger- 
bode, Yee, and Rundle*! in 1949 reported the anastomosis of superior vena 
cava to auricular appendage after transection. Although the results were 
encouraging, several failures were observed with this technique. The work 
with caval homografts by Kay has been mentioned. His success in only 30 
per cent of the dogs corresponds to our trial with synthetic materials. DeBakey** 
has also observed only about 25 per cent success with aortic homografts in 
the venae cavae of dogs. 

The partial success in clinical cases with femoral vein grafts suggests that 
special attention should be given to the diameter of the transplant and to the 
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suture technique. Some of the partial failures in the clinical cases were re- 
lated to thrombosis or constriction at the anastomosis.”* *° This was observed 
in our experimental failures as well. It is our belief that the use of an inter- 
rupted anastomosis may be of benefit. We have not tried catgut suture 
material, although we have found it satisfactory in arterial vascular anas- 
tomoses.** 

The use of an auricular appendage would seem theoretically less desirable 
than the cava for a line of anastomosis, and where this is impossible an end- 
to-side anastomosis to the wall of the atrium might be preferable. The ap- 
pendage varies in size, has trabeculations, and there is considerable free 
motion. It is noteworthy that all but one of the autologous veins implanted 
into auricle or appendage of clinical cases had either partial success or 
failed. <A single case had a patent vein graft but the patient died only eight 
days following implantation (Table I). 


TABLE I. SUPERIOR VENA CAVAL OBSTRUCTION TREATED BY REPLACEMENT 


TYPE AND SITE OF 
ANASTOMOSIS RESULT 


Partial success 


TYPE OF 
SURGEON CASE ETIOLOGY GRAFT 


Klassen24 1 Inflammation Femoral Vitallium tube: 
autograft azygos-atrium 


Scannell and 2 Inflammation Femoral Suture: rt. jugular Died 8 days; 
Shaw25 (irradiated ) autograft to atrium graft open 


3 Inflammation Femoral Suture: rt. jugular Partial success 
autograft to atrium 


Femoral Suture: venacavato Partial success 


Inflammation 
autograft atrium 


(irradiated ) 


Samson26 


Kay27 5 Inflammation Femoral Suture: innominate Failure 
autograft to appendage 


6 Inflammation Caval Suture: innominate Died early 
homograft to appendage postop. 


Hanlon28 7 Malignant Aortic Suture: side of cava Graft open (died 
tumor homograft to appendage at 4 mo.) 


Holman29 8 Inflammation Aortic Suture: cava tocava Failure suspected 
homograft 


Deterling 9 Inflammation Aortic Suture: cava tocava Graft open at 
homograft 18 months 


In conclusion, our review of experimental studies and nine human beings 
with replacements of the superior vena cava indicates that partial or complete 
failure of the graft is the most frequent result. Our trial of several types of 
replacement was discouraging, although we did have encouraging results with 
aortic homografts. We plan to continue our studies, with major emphasis on 
the anastomosis. It may be that greater success could be achieved experi- 
mentally if these grafts were placed in an obstructed cava under higher pres- 
sure, as is present clinically. However, with the fall in pressure subsequent to 
relief of obstruction, this advantage would be nullified. 
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Antibiotic therapy should be employed with the use of grafts, since infec- 
tion, at least in the very early postoperative period, probably contributes to 
thrombotic occlusion. If tuberculosis is suspected, we believe a course of 
specific drugs should be administered before and following operation. 


SUMMARY 


An experimental study has been presented in which various types of re- 
placement of the superior vena cava of dogs were evaluated. Although some 
success was observed with aortic homografts, the results with materials such 
as Ivalon sponge, taffeta of Dacron and nylon, and woven nylon tubing were 
discouraging. Venous autografts also failed even though equivalent diameter 
was achieved with peripheral veins, by use of the panel method of making 
the graft. Interruption of the suture line may be important, since most failures 
occurred at the anastomosis. The relatively poor clinical experience in eight 
collected cases indicates the need for further investigative work on the sub- 
ject of replacement for chronic obstruction of the superior vena cava. We 
have presented a case in which an aortic homograft has functioned success- 
fully for eighteen months. 


We wish to acknowledge the participation of Drs. Joseph Jailer and William Stearns in 
the diagnostic and therapeutic management of the patient described in this paper. We express 
our thanks to Dr. Vance Lucas for his help in the implantation of aortic homografts in dogs, 
to Dr. Raffaele Lattes for his help in interpreting the pathologic material from the clinical 
case, and to Miss Daisy Mapes for her assistance in the experimental laboratory. The suture 
material used in the experiments was donated by J. A. Deknatel and Son. 
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THE AFFERENT LOOP SYNDROME 
GrorGE L. JorDAN, JR., M.D., Houston, TEx. 


(From the Department of Surgery, Baylor University College of Medicine, and the Surgical 
Service, Veterans Administration Hospital) 


OLLOW-UP studies of patients treated for complications of gastroduodenal 

ulceration by subtotal gastrectomy reveal that approximately 85 to 90 per 
cent of them are improved. Some patients classified as having poor results are 
relieved of their preoperative disease only to develop new postprandial dis- 
turbances in the postoperative period. Several years ago it was common prac- 
tice to refer to all such symptoms as ‘‘dumping”’ or the ‘‘postgastrectomy 
syndrome.’’ However, recent investigations have demonstrated that symptoms 
may arise from a multiplicity of causes and proper management depends upon 
an accurate evaluation of the underlying pathophysiology.* 1% One syn- 
drome which has received considerable comment in the English literature but 
which still is not recognized by many American surgeons has been referred 
to as the ‘‘afferent loop syndrome.’’ In 1942, McNealy® discussed the problem 
of afferent loop obstruction in the early postoperative period and stated that 
it was a significant factor in the problem of leakage from the duodenal stump. 
However, he did not discuss in any detail the difficulties which may arise in 
the late postoperative period. Lake* was one of the first to recognize the 
possibility of chronic partial afferent loop obstruction as being the cause of 
symptoms in the late postgastrectomy period but felt that it was a rare 
phenomenon. Muir® in 1949 and Steinberg" in 1950 reported cases of afferent 
loop stasis which they had treated surgically. However, despite these earlier 
comments on the subject, Wells and Welbourn’ in 1951 were the first to 
discuss in detail the etiology, symptomatology, and treatment of this disorder. 
Whereas many articles have appeared in the English literature which deal 
with this subject, it seems to have been almost completely ignored in the 
American literature despite a large number of published reports concerned 


with investigation of postgastrectomy symptoms. 


PATHOGENESIS 


This condition develops only after the Billroth II type of gastrectomy, 
as symptoms are due to partial or recurrent obstruction of the afferent loop 
prohibiting the passage of bile and pancreatic juices from the duodenum into 
the efferent loop. Obstruction may be due to adhesions, to the weight of a 
distended colon, to an internal herniation, or to volvulus. Wells and MacPhee*® 
stated that it is most likely to be seen following the Finsterer-Lake type of ante- 
colic right-to-left anastomosis associated with a Hoffmeister valve, when the af- 
ferent loop is long, or when a very high resection has been performed, as acute 
kinking of the bowel occurs more readily under these circumstances. This 
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syndrome differs from the acute obstruction of the afferent loop due to 
herniation under the efferent loop..%** Acute obstructions are usually com- 
plete and progressive until there is surgical intervention. The vomitus con- 
tains no bile. In the ‘‘afferent loop syndrome’’ the pathophysiology gives 
rise to chronic recurring symptoms rather than one acute episode and the 
vomitus does contain bile, as vomiting usually occurs when the contents of the 
afferent loop are emptied. 

The degree of obstruction may be mild or severe, but it is not complete 
for any long period. Symptoms are produced during the period of obstruction 
and are relieved when the contents of the afferent loop are evacuated. 


SYMPTOMS 


In the typical case, the patient complains of nausea occurring ten to 
twenty minutes after eating and persisting for from a few minutes to one 
hour. Vomiting may occur after each meal or only after an occasional meal. 
When vomiting oceurs the patient is immediately relieved, and symptoms 
do not recur until more food is ingested. The character of the vomitus is 
significant in that it usually consists of bile-stained fluid unmixed with food, 
and in volumes as great as 500 to 1,000 ml. If vomiting is severe, food 
is finally ejected as the disturbed motility spreads further down the gastro- 
intestinal tract, but in such eases bilious regurgitation always precedes the 
appearance of food particles. 

The accumulation of bile and pancreatic juices in the partially obstructed 
loop results in distention which, in association with the inereased motility 
necessary to overcome the obstruction, may result in a feeling of fullness, 
sometimes amounting to pain. Vomiting occurs only when the pressure in 
the afferent loop rises sufficiently high to propel suddenly the contents of 
the duodenum into the stomach and efferent loop; consequently, the duodenum 
may remain distended for several hours, or, in severe cases, several days. 
Under these cireumstanees there is a feeling of fullness, nausea, and anorexia 
made worse after ingestion of food, and these symptoms are finally relieved 
when vomiting occurs. Symptoms are most severe after a fatty meal which 
results in a maximum liberation of bile. 

The symptoms presented by these patients resemble those seen in other 
postgastrectomy syndromes; however, weakness, sweating, and pulse rise are 
= less common. Symptoms may be minimized if the patient is recumbent in 
& the immediate postprandial period as this relieves the downward pull of 
‘i the full stomach and therefore may decrease the degree of obstruction. 


DIAGNOSIS 


Undoubtedly one of the reasons why this disorder has not been separated 
from others is that there have been no objective tests to aid in evaluating 
the patient’s complaints. In most reported cases the diagnosis has been 
made on symptomatology alone. 

Wells and MacPhee" have noted that barium rarely passes into the afferent 
loop during a gastrointestinal series when obstruction exists, although failure of 
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barium to enter the afferent loop does not necessarily mean that obstruction is 
present, as normal peristalsis may carry all of the barium into the efferent loop. 
Lorber and Shay® have reported that filling of the afferent loop can be accom- 
plished when desired if the efferent loop is obstructed with a balloon in order to 
gain pressure. In this manner they have demonstrated several types of pathol- 
ogy whieh could not have been demonstrated by conventional techniques; how- 
ever, they do not report the use of this maneuver for demonstration of afferent 
loop obstruction. In our experience, roentgenography has been a_ useful 
diagnostic procedure. Whereas little or no filling of the afferent loop may 
be seen following the ingestion of small amounts of barium, this segment 
of bowel will almost invariably be outlined, without the use of special 
maneuvers, if the patient ingests barium until he feels uncomfortably full. 
If this procedure fails, the technique of Lorber and Shay may then be 
utilized. Failure to fill the proximal bowel with this method is definite evidence 
of obstruction to the retrograde flow of barium, and has the same connotation 
as a similar finding in other parts of the gastrointestinal tract. 

When the roentgenographie findings are definite, little doubt of the diag- 
nosis exists; however, since symptoms may occur intermittently, it is possible 
that a gastrointestinal series may be performed at a time when obstruction 
is minimal, and the diagnosis might be missed. In an effort to gain ad- 
ditional objective evidence to aid in evaluation of patients with suspected 
afferent loop obstruction, a test was devised, predicated upon the fact that 
normally one finds varying amounts of bile in jejunal contents at all times. 
A mercury-weighted, large-lumen Levine tube is passed into the efferent loop 
6 in. to 12 in. beyond the gastrojejunostomy stoma, and its position confirmed 
by a roentgenogram of the abdomen. A fasting specimen is aspirated, and 
the patient is then fed a liquid meal consisting of 60 ml. of Ediol,* 240 ml. 
of milk, and 180 ml. of 40 per cent glucose solution. Aspirations of samples 
of the jejunal content for inspection are made at one-minute and then at five- 
minute intervals until good mixing of bile with the ingested meal is seen. 
If afferent loop obstruction is present, there should be an absence of bile 
during tke period of symptoms, and relief of symptoms should oceur when 
bile passes the obstructed point. 

The results of this test in 10 control postgastrectomy patients revealed 
that the ingested meal could often be aspirated within one minute after the 
first swallow. Bile mixing is grossly discernible within the first five minutes, 
and complete mixing occurs within ten to twenty minutes. In patients with 
other postgastrectomy difficulties, there is no correlation between bile mixing 
and the presence of symptoms. A positive test, which indicates the presence 
of afferent loop obstruction, is recorded when there is no discernible bile 
present in the jejunum during the period of symptoms, and the appearance 
of bile coincides with the disappearance of symptoms. Our experience with 
this test in patients in whom afferent loop obstruction was suspected clinically 
is limited; however, the results have been so strikingly confirmatory of the 


*Ediol is an oral fat emulsion prepared by Schenley Laboratories, Inc., the main con- 
stituent of which is coconut oil 50 per cent. 


* 


urger 
1030 JORDAN 1958 
4 ‘. suspected pathophysiology that we feel its use will be of considerable diag- 
Ve nostic aid in future cases. The results of this test are shown in Fig. 1. The 


upper column shows the jejunal content in the fasting one-, five-, ten-, thirty-, 
and sixty-minute specimens aspirated from Patient H. W. D. Comparison 
with the appearance of the ingested meal shown to the far right of the figure 
demonstrates that good bile mixing did not oceur for one hour following 
ingestion of the meal. Jejunal contents aspirated from an asymptomatic 
postgastrectomy patient are shown in the lower column. Varying degrees 
of bile mixed with the ingested meal may be seen in all samples. 

The test herein described is of particular value in that it can be per- 
formed during a period when the patient is actually experiencing symptoms 
so that one is able to obtain a positive correlation between objective findings 
and subjective symptoms. 


TREATMENT 


The treatment is surgical. Symptoms may be relieved by any procedure 
which eliminates the site of obstruction. A jejunoplasty as described in 
detail by Steinberg’! provides a satisfactory reconstruction if the obstruction 
is due to kinking at the anastomosis. Steinberg has performed this procedure 
on 25 patients for postgastrectomy symptoms and has reported complete 
relief in all but 2 instances. Wells and Welbourn’ have utilized it in 14 
patients, also with good results. Muir*® has diverted the afferent loop secretions 
from the stoma by making an anastomosis between the afferent and efferent 
loops. Schofield and Anderson® have suggested a Roux-Y type of anastomosis 
which would prevent afferent loop stasis. The latter 2 procedures undoubtedly 
will relieve afferent loop obstruction; however, most observers concede that 
such procedures are likely to increase the incidence of marginal ulceration 
despite Schofield’s statement that none of the 90 patients treated in this 
manner has developed this complication. 

Two patients have been seen in our Gastrointestinal Follow-up Clinic 
who presented the clinical picture of a chronic afferent loop obstruction and 
have been successfully treated by operation. 


CASE REPORTS 


CasE 1.—E. B., a 57-year-old white man, was first seen in February, 1952, at which 
time he gave a long history of duodenal ulcer, complicated on this admission by an acute 
perforation. A subtotal gastrectomy was performed and gastrointestinal continuity re- 
established with an antecolic Hoffmeister gastrojejunostomy 6 inches distal to the ligament 
of Treitz. He was readmitted in November, 1953, stating that he had remained asymptomatic 
after operation until October, 1952, at which time he developed postprandial substernal and 
right upper quadrant pain with associated nausea and vomiting. Diagnostic studies failed 
to reveal any significant abnormality and the patient was discharged on an ulcer regimen. 

He was readmitted in February, 1954, stating that his symptoms had continued without 
relief. He no longer had substernal pain, but a dull right upper quadrant pain persisted. 
His main symptoms were those of nausea and vomiting, which occurred after almost every 
meal. Symptoms would appear twenty to sixty minutes after eating and would usually 
persist until he vomited, following which time he would remain asymptomatic until he ate 
again, The vomitus never contained recently ingested food, but consisted only of bile- 
stained fluid. While in the hospital he at times vomited as much as 1,000 ml. of this fluid. 
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Fig. 1.—Comparison of the appearance of jejunal contents following ingestion of liquid 
meal aspirated from patient with afferent loop obstruction with that from an asymptomatic 
postgastrectomy patient. 


| 
; 
F 
; 


a 
i 
P 
A: 
a 
Wg 
Be 
j 
- 
4 


Volume 38 AFFERENT LOOP SYNDROME 1031 


Number 6 


There were slight abdominal distention and mild tenderness in the right upper quadrant. 

Laboratory examinations were as follows: Hemoglobin 11 Gm. per 100 ¢.c., serum 
bilirubin 2.0 mg. per cent and Bromsulphalein retention of 30 per cent at thirty minutes. ; 
Other liver function tests were within normal limits. A gastric analysis showed no free 
acid. A roentgenogram of the gall bladder showed only faint visualization, but no stones 
were seen, and a gastrointestinal series was reported within normal limits. However, a 
special barium study with a balloon occluding the efferent loop showed obstruction to the 
retrograde flow of barium into the afferent loop. On the basis of the clinical picture and 
these laboratory studies, diagnoses of chronic afferent loop obstruction and of cirrhosis of 
the liver were made. On March 3, 1954, an exploration revealed that adhesions had formed 
between the afferent loop, the liver, and the lesser curvature closure of the stomach with 
acute angulations which would not permit passage of a No. 14 Fr. catheter. The adhesions 
were at a point where filling of the stomach would increase the degree of obstruction 
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Fig. 2.—a, Obstruction of afferent loop resulting from adhesions to stomach and liver; b, 


obstruction relieved by lysis of adhesions and enteroenterostomy. 


(Fig. 2, a). The diagnosis of cirrhosis was confirmed grossly and microscopically. The 
gall bladder, the extrahepatic biliary tree, and the pancreas were normal to palpation. The 
adhesions were lysed and an enteroenterostomy was performed between the afferent and 
the efferent loops at the level of the gastrojejunostomy stoma, so that the obstruction was 
released without diverting the bile and pancreatic juices away from the anastomotic site 
(Fig. 2, b). He became asymptomatic in the immediate postoperative period and when 
last seen twelve months postoperatively he had remained symptom-free. Liver function tests 
at this time were all normal except for 10 per cent retention of Bromsulphalein at thirty 


minutes. 
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CaSE 2.—H. W. D., a 26-year-old white man with a two-year history of peptic ulcer, 
underwent a subtotal gastrectomy with an antecolic Hoffmeister gastrojejunostomy on Sept. 
10, 1952. He remained asymptomatic until December, 1953, at which time he developed 
nausea and vomiting after almost every meal. The vomitus consisted of bile-stained fluid 
without food, and at times as much as 1,000 ml. would be regurgitated. Physical examina- 
tion was completely negative and all laboratory procedures were within normal limits except 
for the test described previously. (Fig. 1). Fasting aspirate from the jejunum revealed 
only a slight trace of bile. After ingestion of the liquid meal no bile could be seen mixed 
with the meal for thirty minutes, and complete mixing did not occur for one hour. During 
the period when the bile was absent from the jejunum the patient was quite nauseated. 


b 


Fig. 3.—a, Obstruction of afferent loop resulting from volvulus; b, obstruction relieved 
by suturing bowel to prevent volvulus and by an enteroenterostomy which, in effect, creates a 


short afferent loop. 


He did not vomit, but his symptoms disappeared when good mixing had occurred. Operation 
was performed on April 20, 1954, at which time it was found that a long afferent loop had 
been used due to a congenital retroperitoneal displacement of the first part of the jejunum 
so that the jejunum became intraperitoneal in the right upper quadrant (Fig. 3, a). A 
volvulus occurred around this fixed point, which was influenced by changes in position and 
by changes in volume of the stomach. The loop was fixed in place by sutures so that 
volvulus could not recur, and an enteroenterostomy was performed which, in effect, created 
a short afferent loop (Fig. 3, b). The postoperative period was uneventful and within 
two months he had gained 20 pounds. When last seen ten months postoperatively, he was 


asymptomatic. 
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DISCUSSION 

The vomiting of bile unmixed with food has been noted by many observers. 
The most common explanation has been that it was a feature of the ‘‘dump- 
ing syndrome’’ in which food passed quickly into the efferent loop, caused 
nausea, and when vomiting occurred the only material in the region of the 
stomach was bile-stained fluid. Boman! has observed that the gall bladder 
may be evacuated with a very forceful contraction after the stomach is empty, 
and he believed that it was this rapid emptying of the gall bladder which 
caused such symptoms. It is quite possible that both of these factors could 
result in the vomiting of small amounts of bile-stained fluid without food, 
but it is unlikely that as much as 500 or 1,000 ml. would be vomited under 
such circumstances. 

The fact that these symptoms may mimic those found in other syndromes 
makes it necessary to have objective confirmation of the diagnosis, for most 
patients with other types of postprandial distress following gastrectomy are 
satisfactorily managed by nonoperative means, whereas surgical intervention 
is the procedure of choice when a mechanical obstruction to a portion of 
howel exists. The test of bile aspiration is a simple one which ean be ac- 
complished as readily as a gastric analysis. In fact, aspiration of stomach 
contents might well give the same information, although jejunal aspiration 
seems preferable, since bile will always enter this segment of bowel unless 
it is vomited, whereas it is conceivable that it might by-pass the stomach to 
a large extent. The passage of a tube into the jejunum is accomplished quite 
easily in a patient who has had a gastrie resection. No special maneuvers 
are needed, and in some patients it passes almost immediately. The technique 
commonly used consists of passing a mereury-weighted tube into the stomach 
with sufficient slack and allowing the patient to be ambulatory for one hour, 
at the end of which time a roentgenogram of the abdomen is made. I have 
passed jejunal tubes in many postgastrectomy patients for this test and for 
studies of intestinal motility, and failure of passage spontaneously within 
one hour is very rare. 

The finding of biliary cirrhosis in the first patient and the presence of 
mild jaundice is interesting. Although Wells and MacPhee** mentioned the fact 
that oceasionally mild ieterus may be noted, he reported no cases in which defi- 
nite liver damage was observed. It is impossible to state absolutely whether the 
cirrhosis and jaundice resulted from chronie afferent loop stasis in this man. 
However, it is conceivable that recurrent or chronic obstruction causing 
an increased pressure in the afferent loop might impede the flow of bile 
from the liver and therefore have an effect similar to that of a partially 
obstructing common duct stone. 

Periodically, reports are published concerning the use of a specific surgical 
procedure for alleviation of the ‘‘dumping syndrome.’’* 1 As pointed out by 
Wells and MacPhee,” it is likely that many patients who have obtained relief 
from surgical procedures have actually had an unrecognized afferent loop 
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obstruction. In fact, Wells and Welbourn believed that a component of 
afferent loop obstruction is present in many patients who also have symptoms 
on another basis. Schofield and Anderson® stated that most postgastrectomy 
symptoms are due to afferent loop stasis. The experience in this clinic does not 
support these contentions, for we have found no statistically significant difference 
in the incidence of postprandial symptoms occurring after the Billroth II 
as compared with the Billroth I procedure, and since patients treated by the 
latter operation have no afferent loop, obstruction therein cannot be incriminated 
as an etiological factor. 

Nevertheless, although uncommon, it would appear that afferent loop 
obstruction is not diagnosed as often as might be anticipated. It is interesting 
that more thought has not been given to the possibility of afferent loop 
obstruction since postoperative adhesions account for a large percentage 
of small bowel obstructions. In a recent follow-up study of 203 patients treated 
by gastrectomy for benign and malignant lesions of the stomach who were 
followed for one to five years, we encountered 5 cases of adhesive small bowel 
obstruction, 2 cases of acute afferent loop obstruction, one of whom subse- 
quently also developed adhesive small bowel obstruction, and the 2 cases of 
chronic afferent loop obstruction reported here. Consequently, in our experience 
obstruction of the afferent loop has occurred almost as often as the more 
easily recognized obstruction of the distal small bowel. In all probability 
there are many patients who today are being treated by diet and antispasmodics, 
or simply being labeled neurotics because they represent no objective findings 
to explain their symptoms, who could be relieved by an operative procedure. 


SUMMARY 


Partial or recurrent obstruction of the afferent loop may occur following 
a Billroth II gastrectomy. This gives rise to postprandial nausea and vomit- 
ing of bile-stained fluid, unmixed with food. A simple test has been devised 
to aid in diagnosis predicated upon the fact that bile is normally present 
in jejunal contents. In patients with this disorder bile is absent from the 
jejunum during periods of symptoms, and the appearance of bile may be 
correlated with the relief of symptoms. The treatment consists of surgical 
relief of the obstruction. Case histories of 2 successfully treated patients 
are presented. 
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THE INFLUENCE OF HYPOTHERMIA ON EXPERIMENTAL 
PERITONITIS 


Henry H. Batcu, Masor, MC USAR,* Howarp E. Noyes, P#.D., AND 
W. Huaues, LiruTENANT CoLONEL, MC, USA, WasuHinerTon, D. C. 


WITH THE TECHNICAL ASSISTANCE OF W. BLALOCK, B.A., AND E. THIBODEAU, B.S. 


(From the Division of Surgery, Army Medical Service Graduate School, Walter Reed Army 
Medical Center) 


EATH from peritonitis following penetrating or perforating abdominal 

injury has been reported within the last decade to range from 8.7 to 12 
per cent.2»* Likewise, a fatality rate of 4.9 to 9.4 per cent has been attributed 
to peritonitis resulting from perforated peptic ulcer or appendicitis. This 
relatively favorable position has been attributed to many factors, including more 
precise indications for surgical intervention, the use of blood or other colloid 
supportive therapy, the control of intestinal distention, the correction of ab- 
normalities in water and electrolyte exchange, and the use of antibacterial 
agents. 

Under combat conditions, therapy may be less than optimal so that fulmi- 
nating peritonitis is more prone to occur. The fatality rate in such patients is 
likely to be greater than that reported previously. It is important, therefore, 
to investigate alternative or additional methods in the therapy of peritonitis. 
The following report is concerned with the effect of hypothermia on experimental 
peritonitis in rats and the influence of dihydrostreptomycin on peritonitis in 
the hypothermic rat. 

METHOD 


White rats varying in weight from 120 to 180 grams were used. Peritonitis was 
produced by the standardized technique described by Pulaski and his associates.6 Briefly, 
this consisted in incising the cecum at laparotomy and expressing feces into the peritoneal 
cavity. The cecal wound was not closed. Following suture of the abdominal wall, mucin 
was injected intraperitoneally. Mucin probably interferes with phagocytosis, thus permitting 
cecal bacteria to survive and multiply in the peritoneal cavity. 

Anesthesia was induced with pentobarbital sodium, 40 mg. per kilogram of body weight. 
Additional anesthesia was given when needed by the intermittent administration of 16 mg. 
per kilogram of body weight of the drug. The intraperitoneal route was used originally 
but in later experiments anesthesia was induced by intramuscular administration and main- 
tained by supplemental subcutaneous injections of pentobarbital because of more satisfactory 
anesthesia control. 

Hypothermia was induced by placing anesthetized rats on dry towels in a metal pan 
which was partially immersed in ethylene glycol at 2° C. Under these conditions the animals’ 
temperatures decreased from approximately 35° C. to 26° C. in about ninety minutes. When 
rectal temperatures fell below 25° C., the rats were removed from the ‘‘cold pan’’ and placed 
at room temperature until their temperatures reached 25° C. By alternately placing the 
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animals in the ‘‘cold pan’’ and at room temperature it was possible to maintain animals 

within 2° C. of 25° C. Routine procedures were used in hematological studies of the 

peripheral blood and in aerobic and anaerobic bacteriologic studies of the peritoneal exudate. 
RESULTS 

Survival of Unoperated Rats Under Hypothermic Conditions.—The effect 

of hypothermia alone on a group of 24 anesthetized normal rats is recorded in 


TABLE I. Faranity RATE UNOPERATED RATS UNDER HypoTHeRMIC (24 Rats) 


TIME FROM ONSET OF HYPOTHERMIA | FATALITY RATE 
(HOURS) CUMULATIVE DEATHS (PER CENT) 

8 0 0.0 

9 2 8.3 
16 3 12.5 
18 4 16.7 
20 5 20.9 
22 6 25.0 
24 7 29.2 


—COOLED (24RATS) 
UNCOOLED (28RATS) 


100 


% SURVIVAL 


30F 


5 10 15 8 
HOURS AFTER OPERATION 


Fig. 1.—Survival of cooled and uncooled rats with experimental peritonitis. 


Table I. All the rats survived eight hours, but subsequently there was a pro- 
gressive increase in the fatality rate until, at the termination of the experiment 
(twenty-four hours), seven of the group had died (29.2 per cent). The data 
did not show whether death was the result of cold or due to the cumulative effect 
of pentobarbital sodium or to a combination of factors. It was apparent that 
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under the experimental conditions used, prolongation of the hypothermia state 
was associated with an appreciable fatality rate; however, at eighteen hours only 
4 of 24 rats had died. None of the experiments involving infecton in this study 
lasted longer than eighteen hours, so it was concluded that the technique em- 
ployed for cooling animals was satisfactory for this investigation. 

Effect of Hypothermia on Survival With Peritonitis—The survival of rats 
with experimental peritonitis was compared at room temperature and at 25° C. 
(Fig. 1). All of the uncooled rats were dead by the sixteenth postinfection hour 
and all of the hypothermic rats were dead by the eighteenth hour. Therefore, 
hypothermia alone did not prevent death from peritonitis. The mean survival 
time of the uncooled rats was 8.6 hours and of the hypothermic animals 11.4 
hours. This difference, when analyzed by the method of Student, gave a 
value of 2.77 (p<0.01), which is significant. Fig. 2 records the mean tempera- 
tures of 20 rats from each group for approximately seven hours and demonstrates 
the definite difference in temperatures between cooled and uncooled animals. 
Preliminary observations had shown that pentobarbital sodium anesthesia alone 
will lower the mean temperature from 37° C. to about 35° C. 


-_ 


ROOM TEMP - 20 RATS 


TEMP. 0°C 


COLD BATH— 20 RATS 


T T T T T T "1 
1) 50 100 150 200 250 300 350 400 
TIME (MINUTES) 


Fig. 2.—Rectal temperature of rats with experimental peritonitis (intramuscular plus sub- 
cutaneous anesthesia). 

Bacteriologic Studies.—There was no significant difference in the bacterial 
species isolated from the peritoneal exudate of hypo- or normothermic rats. 
Total bacterial counts of the peritoneal exudate of infected rats were determined 
so as to show a possible effect of temperature on the rate of bacterial growth in 
vivo. The average numbers of bacteria recovered from the peritoneal cavities 
of cooled and uncooled animals sacrificed six hours after cecal perforation are 


TABLE II. AVERAGE NUMBER OF BACTERIA RECOVERED FROM PERITONEAL CAVITIES OF RATS 
Witn EXPERIMENTAL PERITONITIS 


MEAN BACTERIAL COUNT STANDARD ERROR 
GROUP NUMBER IN GROUP x 106 MEAN 
Cooled 42 3.45 0.95 
Uncooled 42 6.04 1.27 


compared in Table II. Although the mean appeared almost twice as great for 
uneooled as compared with cooled rats, this difference was not significant on 
statistical analysis. Comparison of total bacterial counts such as are recorded 
in Table II may be misleading, however, because of the difficulty encountered 
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TABLE III. AVERAGE BACTERIAL CouNTS PER MILLILITER PERITONEAL FLUID FROM RATS WITH 
EXPERIMENTAL PERITONITIS 
(Srx Hours PosToPERATIVELY ) 


MEAN BACTERIAL COUNT 


NUMBER IN PER ML. PERITONEAL STANDARD ERROR 
GROUP GROUP EXUDATE (x 106) MEAN 
Cooled 42 1.06 0.26 
Uncooled 42 2.99 0.46 


in removing all of the exudate from the peritoneal cavity of individual rats. If 
the bacterial counts from the same experiments are recorded as per milliliter of 
peritoneal exudate, then the differences are highly significant. These data are 
shown in Table III, where it may be seen that the bacterial count was almost 
three times greater in uncooled animals. 
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HOURS AFTER OPERATION 


Fig. 3.—Bacterial counts of peritoneal fluid of untreated rats with experimental peritonitis. 


Fig. 3 presents the bacterial counts per milliliter of peritoneal exudate from 
another experiment using cooled and uncooled rats. The counts were determined 
at hour intervals following cecal perforation (10 rats from each group were 
sacrificed every hour). The data did not appear to show that lowered tempera- 
ture significantly reduced the rate of bacterial growth in vivo. These studies 
were not extended beyond seven hours because the increasing death rate pre- 
cluded the obtaining of representative samples thereafter. 

These bacteriologice studies did not, therefore, demonstrate conclusively that 
the rate of bacterial growth was delayed in the cooled animals. They did show 
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that bacterial growth occurred and was progressive at the hypothermic tempera- 
tures employed; eventually, bacteria reached what is probably a lethal con- 
centration. 


Leukocyte Counts.—No differences were found in the number of circulating 
leukocytes in the blood of normo- and hypothermic rats. Leukocyte counts of 
the peritoneal exudates were not satisfactory because the presence of mucin in 
the exudate rendered accurate identification and enumeration of leukocytes in 
unstained preparations difficult. 


— COOLED (26RATS) 
UNCOOLED (28RATS) 


100 


% SURVIVAL 


Oo 10 20 30 48 


HOURS AFTER OPERATION 


Fig. 4.—Survival of treated (intraperitoneal dihydrostreptomycin 40 mg. per kilogram of body 
weight) cooled and uncooled rats with experimental peritonitis. 


The Effect of Dihydrostreptomycin on Survival From Experimental Peri- 
tonitis in Hypothermic Rats.—Previous studies by Pulaski and associates® showed 
that the administration of antibacterial agents in appropriate combination, dos- 
age, and route led to a high survival rate from peritonitis in uncooled rats. When 
streptomycin was administered intraperitoneally, a moderate increase was noted 
in the survival of rats. Streptomycin is probably bactericidal to microorganisms 
growing at a slow rate,* as might occur under hypothermic conditions. Conse- 
quently, it was decided to use only dihydrostreptomyecin in the present experi- 
ments in the hope of showing an additional effect due to hypothermia. Using 
the same techniques as before, all rats were treated with 40 mg. per kilogram of 
body weight of dihydrostreptomycin administered by the intraperitoneal route 
four hours following the induction of peritonitis. Eight of 28 uncooled animals 
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survived compared with 8 of 26 in the cooled group (Fig. 4). Mean survival 
time was increased to sixteen hours in both groups of animals. The combination 
of dihydrostreptomycin and hypothermia was not superior to the use of dihydro- 
streptomycin alone. Concurrent studies showed that if the handling of animals 
were eliminated, the administration of dihydrostreptomycin resulted in an in- 
ereased survival rate over that obtained with animals that were manipulated. 
The hypothermic technique, however, requires handling for the recording and 
controlling of temperatures and the administration of pentobarbital. 


DISCUSSION 


The experiments reported in the present study showed that rats maintained 
at about 25° C. survived somewhat longer from experimental peritonitis than 
similar uncooled animals. This may be due in part to lower rate of bacterial 
multiplication at the lower temperature. However, at 25° C. bacteria multiply 
intraperitoneally and, eventually, all of the animals died. 

We do not have data on the effect of cooling on the capacity of the rat to 
resist infection. It is possible that bacterial growth is delayed at lower tem- 
peratures in vivo, while defense against bacteria is also impaired. Harmon and 
his associates’ found that polymorphonuclear leukocytes from rabbits and guinea 
pigs showed decreased phagocytic power for staphylococci as the environmental 
temperature was decreased from 42° C. to 22° C. The presence of mucin in the 
peritoneal exudate of our rats prevented studying the activity of the intraperi- 
toneal leukocytes. However, it is likely that this was decreased as cooling in- 
creased. 

It is of interest that Bruneau and Heinbecker® reported a delay in the de- 
struction of hemolytic streptococci injected into dogs’ forelegs which were subse- 
quently cooled to 6° C. So long as cooling to 6° C. was maintained, the sub- 
cutaneous tissues of the dog failed to show the inflammatory response usually 
initiated by injection of the microorganism. The number of organisms present 
in the tissues remained approximately that injected. Animals whose forelegs 
were cooled up to forty-eight hours and then allowed to return to room tempera- 
tures showed a diminished number of viable bacteria forty-eight hours after the 
warming period was initiated. However, the destruction of bacteria did not 
approach that noted in dogs which had not been refrigerated at all. 

It is likely that two interacting physiologic effects are present in hypo- 
thermic animals: a less rapid bacterial proliferation, but also a less efficient body 
defense. If such a system does operate in experimental infection under hypo- 
thermie conditions, then it seemed possible that the addition of a bacteriostatic 
or bactericidal chemotherapeutic agent to the system might be beneficial. Our 
data with the use of dihydrostreptomycin showed that the antibiotic prolonged 
life from peritonitis under hypothermic conditions, but it was equally effective 
in uncooled animals. In other words, when dihydrostreptomyein was used, there 
seemed to be no advantage in using hypothermia. 

The use of cold to delay bacterial growth and tissue destruction has become 
a recognized method of treatment in diabetic and arteriosclerotie gangrene of 
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extremities. Such a procedure, when accompanied by the application of a tourni- 
quet above the lesion, produces a physiologic amputation. Generalized symptoms 
of toxemia may abate for a time, permitting surgical amputation. Allen* has 
stated, however, that while an infected gangrenous limb may be frozen for days 
and the clinical condition improved, the limb must eventually be amputated. 
Cooling designed to reduce local metabolism in an infected part so that existing 
blood supply would suffice and healing follow has not been of value. 

The data on experimental peritonitis from this paper suggest that cooling 
may be of value in slowing the development of infection but that, for recovery, 
additional therapeutic aids will be required. Under clinical conditions such an 
increase in the time factor might be of value where other immediate therapeutic 
aids were insufficient. 


SUMMARY 


1. Hypothermia was induced in rats by the administration of pentobarbital 
sodium and cooling to 25° C. 

2. The mean survival time of hypothermic rats with acute peritonitis was 
inereased to 11.4 hours as compared with 8.6 hours for uncooled rats. 

3. The intraperitoneal administration of dihydrostreptomyecin increased the 
mean survival time of cooled and uncooled rats with peritonitis to sixteen hours. 
Therefore, if the antibiotic was used, cooling did not appear to be of value. 

4. Cooling to 25° C. did not interfere with the efficacy of dihydrostrepto- 
myein. 
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THE EXPERIMENTAL REPAIR OF URETHRAL DEFECTS 


Jose M.D., Leonarp Bogaryv, M.D., W. E. DeMuts, M.D., 
A. C. Baret, M.D., KENNETH CaRRINGTON, M.D., AND JoHN J. Murpuy, M.D., 
PHILADELPHIA, Pa. 


(From the Harrison Department of Surgical Research, Schools of Medicine, University of 
Pennsylvania, and the Department of Urology, Hospital of the University of Pennsylvania) 


HE search for a suitable replacement for the urethra which has been 

destroyed by trauma or inflammation or is congenitally absent has con- 
tinued since the first recorded efforts of Josserand in 1897.1. Successful re- 
sults have been reported using autogenous split-thickness skin grafts by 
Young and Benjamin,’ with preputial skin by Pressman and Greenfield,® with 
autogenous bladder mucosa by Marshall and Spellman,‘ and with fresh cadaver 
urethrae by Bourque.’ Isolated reports of success with tubes of foreign 
material such as silicone and polyethylene appear in the literature (DeNicola® 
and Foret’). The number of reported methods attest to the lack of uniform 
success in this problem. Current interest in grafts prepared by the ‘‘freeze- 
dried’’ techniques for arterial replacement and the recognition of the need for 
evaluation of some of the reported techniques stimulated the present study. 


METHODS 


Adult female mongrel dogs were used as experimental animals. In all except Group 
I, a urethral defect was created by excising a 2-cm. segment of the urethra immediately 
distal to the vesicourethral junction (Figs. 1 and 2). The following types of grafts were 
used to replace the excised segments: (1) Tubes of autogenous rectus fascia 2 to 3 cm. 
in length, fashioned by suturing an oblong piece of anterior rectus sheath loosely about 
a No. 12 or No. 14 Fr. catheter. (2) Segments of urethra taken from other animals and 
subjected to freeze-drying, according to the method of Lehr and Blakemore.’ These were 
reconstituted by immersion in saline solution prior to use. (3) Segments of human and 
canine arteries treated by the freeze-drying technique and similarly reconstituted. (4) 
Homologous fresh urethral segments. (5) Tubes made of autogenous bladder mucosa, 
each 3 cm. in length and approximately 14 Fr. diameter. 

A No. 12 or No. 14 Fr. catheter was placed through the graft to drain the bladder 
and splint the graft. The catheter was fastened by suture to the animal’s vagina, leaving 
as little as possible protruding. Despite this precaution, the animals usually removed the 
catheters during the first week after operation. If this did not occur, the catheter re- 
mained in place from 7 to 21 days. The bladder and urethra were carefully examined at 
the time of death or sacrifice of the animal. Sections were made for histologic study. 
A normal animal was sacrificed to provide material for comparison of the histologic picture. 

Six groups of animals were used in these experiments. In the first group, a pre- 
liminary exstrophy of the bladder was created by excision of the anterior two-thirds of 
the bladder and overlying abdominal wall. The bladder edge was sutured to the abdominal 
wall defect with 00 chromic catgut. A 2 cm. segment of the urethra was excised and 
subjected to the freeze-drying technique. At intervals ranging from 86 to 142 days 
postoperatively, the exstrophy was closed with a fascial graft from a rectus sheath of 
the same animal, as described by Baret and associates. The segment of urethra previously 
prepared by freeze-drying was reconstituted in saline solution and sutured to the newly 
created vesical neck with fine arterial silk, The distal end of the segment was brought 
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Fig. 2. 
Fig. 1.—Exposure of bladder and urethra. Segment of urethra to be excised shown 


between sutures. 
Fig. 2.—Urethral segment replaced with a fresh autogenous bladder mucosal graft. 
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out through a subcutaneous tunnel just above the symphysis pubis, The animals were 
sacrificed between 13 and 79 days after this operation (Table I), Examination of the 
graft site revealed that the entire graft had become necrotic by the thirteenth day, and 
complete obliteration by stricture had occurred at 22 and 79 days in the other animals. 
Similar changes to those found by Baret and co-workers were noted in the exstrophy 
repair. Moderate to severe hydronephrosis had developed in two animals and bladder 
calculi were found in one animal. 


TABLE I. EXSTROPHY-FASCIAL GRAFT FREEZE-DRIED URETHRAL GRAFT 


ANIMAL NO. | NECROPSY DAYS | RESULT 
1,054 13 Necrosis of graft 
723 22 Stricture entire graft 
772 79 Stricture entire graft 


Group II consisted of three animals in which the excised segment of urethra was 
replaced by an homologous urethral segment subjected to the freeze-drying technique. 
These dogs were sacrificed at 29, 30, and 44 days postoperatively (Table II). In the 


TABLE IT, FREEZE-DRIED HOMOLOGOUS URETHRAL GRAFT 


ANIMAL NO. | NECROPSY DAYS RESULT 
1,171 29 Stricture entire graft 
1,242 44 Stricture at junction of bladder-graft 
894 30 Necrosis of graft 


animal sacrificed at 29 days, there was evidence of stricture over the entire length of the 
graft. The lumen was small but not completely obliterated. The bladder, however, 
appeared dilated and very thin-walled. In the animal sacrificed at 30 days, the entire 
urethral graft appeared to have sloughed. At 44 days, a definite contracture was found 
at the vesicourethral junction, the lumen having narrowed to No. 8 Fr. The remainder of 
the graft appeared viable and was lined with mucosa. The bladder was very thick and 
trabeculated. 

In Group III five animals received a graft made of human or canine freeze-dried 
arterial segments. These dogs were sacrificed or died at 4, 13, 48, 98, and 148 days 
postoperatively (Table III). In the animal which died at 4 days postoperatively, there 


TABLE III. FREEZE-DRIED ARTERIAL GRAFT 


ANIMAL NO. | NECROPSY DAYS | RESULT 
66 4 Graft intact; lumen patent 
1,241 13 Necrosis of graft 
67 48 Stricture entire graft 
523 98 Stricture at distal anastomosis 
522 174 Stricture at junction of bladder-graft 


was no apparent change in the caliber of the urethra or graft. At 13 days, the graft 
appeared to have sloughed and a vesicovaginal fistula was present. At 48 days, the 
animal showed a stricture of the entire length of the graft. At 98 days, there was a 
marked stricture at the distal anastomotic line, and in the one followed for 174 days, a 
vesicourethral stricture was present. In these latter two animals, the remainder of the 
graft appeared lined with mucosa, and the lumen, although somewhat narrowed, was not 
obliterated. 

Group IV consisted of five animals with a graft made from the anterior rectus sheath 
(Table IV). Two animals died at 3 and 8 days, respectively, postoperatively. There was 
no change apparent in the caliber of the urethra in these animals. An animal sacrificed 
at 25 days showed no evidence of stricture and the anastomosis appeared intact and the 
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TABLE IV. AUTOGENOUS FASCIAL GRAFT 


ANIMAL NO. | NECROPSY DAYS | RESULT 
96 3 Graft intact; lumen patent 
94 8 Graft intact; lumen patent 
186 25 Graft intact; lumen patent; bladder dis- 
tended 
185 34 Stricture at junction of bladder-graft 
184 43 Stricture, entire graft 


lumen patent, but the bladder was dilated. At 34 days, the site of junction of the graft 
and bladder neck had greatly narrowed and, at 43 days, the entire length of the urethral 
graft had become narrowed and fibrotic. 


Fig. 3.—Normal histologic appearance of vesicourethral junction. 


TABLE V. HoMoLoGous FRESH URETHRAL GRAFT 


ANIMAL NO. | NECROPSY DAYS | RESULT 
279 23 Stricture entire graft 
521 24 Graft intact; lumen patent 
307 73 Stricture entire graft 
281 127 Stricture at junction of bladder-graft 


Homologous urethral segments were used as grafts in Group V (Table V). Four 
animals made up this group. The first animal was sacrificed 23 days postoperatively. A 
filiform stricture involving the entire graft was found with a greatly dilated bladder 
above it. At 24 days, the catheter was still in place in the graft, and the lumen of the 
urethra appeared normal. At 73 days, a definite stricture of the entire graft had occurred. 
At 127 days, a bladder-neck contracture was present and there was secondary calcification 
at the proximal anastomotic line. 


Autogenous bladder mucosal grafts were used in the three animals comprising Group 
VI (Table VI). These animals were sacrificed at 20, 39, and 140 days postoperatively. 
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Fig. 4.—Marked inflammatory response to freeze-dried arterial graft (4 days). 
Fig. 5.—Extensive fibrosis about freeze-dried urethral graft (44 days). 
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TABLE VI, AUTOGENOUS FRESH BLADDER-MUCOSAL GRAFT 
ANIMAL NO. | NECROPSY DAYS RESULT 
893 20 Early stricture, entire graft 
225 39 Necrosis of graft 
618 140 Stricture at junction of bladder-graft 


The first animal, sacrificed at 20 days, revealed a viable-appearing graft which was some- 
what narrowed in its entire extent. In the animal sacrificed at 39 days, part of the graft 
had sloughed and there was infection and scarring of this area. In the animal sacrificed 
at 140 days, there was marked contracture at the vesicourethral junction with a huge 


dilated bladder proximal to this. 


Fig. 6.—Moderate inflammatory response and fibrosis at vesicourethral suture line. Fresh 


bladder mucosal graft (20 days). 


DISCUSSION 


In the experimental animal, the repair of urethral defects with tissues 
from other animals of the same species results in a marked inflammatory 
reaction to the graft with subsequent fibrosis and contraction. Tissues pre- 
served by the freeze-drying technique, both from the same species and other 
species, produce a similar response. Figs. 3, 4, and 5 demonstrate the histo- 
logic appearance of such grafts with marked inflammatory response and 
subsequent fibrosis as compared with the normal urethral picture. Fascia 
and bladder mucosa from the same animal appear to produce less inflammatory 
response and subsequent fibrosis, as shown in Fig. 6. Fibrosis and stricture 
formation at the sites of anastomosis of the grafts to normal tissues is a com- 
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Fig. 7.—Obstruction due to severe neck. Freeze-dried arterial graft 
( ays). 


mon occurrence (Fig. 7). Even though the graft may be viable, sufficient 
inflammation is produced to result in a functional obstruction in most cases. 


CONCLUSIONS 

1. The use of tissues, including urethra itself, whether preserved or fresh, 
as urethral substitutes is hazardous. 

2. Failure of the graft may be due to immediate necrosis, delayed fibrosis 
and contraction due to marked inflammatory response, or stricture formation 
at the points of anastomosis to normal tissues. 

3. Autogenous grafts of fascia or bladder mucosa appear to have some 
promise as evidenced by the production of less inflammatory response. 
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VENTRICULAR FIBRILLATION IN DOGS AFTER SUDDEN RETURN 
OF FLOW TO THE CORONARY ARTERY* 


H. SEwELL, MC, USNR,** Doua.as R. Korn, LIEUTENANT, 
JUNIOR GRADE, MC, USNR, anp CHARLES E. Huaarns, LIEUTENANT, JUNIOR 
GRADE, MC, USNR, Betuespa, Mp. 


(Naval Medical Research Institute, National Naval Medical Center) 


INTRODUCTION 


URING experiments on temporary coronary arterial occlusion, ventricular 

fibrillation has been observed to occur within several seconds after the 
restoration of blood flow. This complication was noted in some of the dogs 
used for physiologic and pathologie studies by Tennant and Wiggers' and by 
Blumgart and co-workers.? The latter reported that 4 out of 34 dogs developed 
ventricular fibrillation within a few seconds after sudden release of a coronary 
artery. Swan and his group*® and Bigelow and co-workers‘ reported fibrillation 
shortly after circulation was restored in dogs following its interruption under 
hypothermia. 

We noted a similar phenomenon in a series of animals in which the anterior 
descending coronary artery was occluded temporarily. During operations for 
insertion of a polyethylene tube into this vessel, some of the animals developed 
ventricular fibrillation within twenty seconds after sudden restoration of 
the arterial flow. 

Because of the increasing number of experimental and clinical procedures 
which require temporary interruption of the coronary flow, this hazard appears 
worthy of emphasis. 


METHODS 


In a preliminary report, a technique was described for the production of a gradual 
coronary occlusion by thrombus formation in a section of polyethylene tubing inserted into 
the anterior descending artery of the dog.5 All of the 42 dogs in which this tube has been 
successfully inserted to date are included in the present analysis. 

The first 6 dogs of the series were anesthetized with Pentothal, and the latter 36 with 
Nembutal. One hundred per cent oxygen was supplied under intermittent positive pressure 
by a respirator of our own design. The chest was entered through the bed of the left fifth 
rib, using aseptic technique. 

A 2 to 3 em. segment of the anterior descending coronary artery was dissected free 
and all branches ligated. In all of the dogs, the area of dissection extended to within 1 em. 


Received for publication May 14, 1955. 
*The opinions or assertions contained herein are the private ones of the writers and are 
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of the bifurcation of the left coronary artery. The main septal branch was not ligated, even 
though encountered in some of the cases. 

Potts patent ductus clamps were placed on the artery at the extremes of the dissected 
segment. A transverse incision was made in the center of it, and a section of polyethylene 
tubing approximately 7 mm. long was inserted into the lumen and tied in place. The period 
of occlusion was from three to thirty-eight minutes. 

In the last 25 dogs of the series, a hole was made in the occluded segment with a 
small needle near the distal clamp. The proximal clamp was removed first and any air 
remaining in the vessel was forced out through this hole by the arterial pressure. 

The distal clamp was removed suddenly in the first 31 operations. In the latter 11, 
a loop of 3-0 silk was placed around the artery proximal to the polyethylene tube. The 
heart was observed carefully after removal of the clamps, and the vessel was immediately 
occluded by tension on this loop if an extrasystole occurred. It was released after about 
twenty seconds but occluded again if necessary. In some cases, this cycle was repeated 
five or six times over a period of approximately five minutes before normal rhythm was 


maintained. 


+ DOG SURVIVING OPERATION. 


O DOG DEVELOPING VENTRICULAR FIBRILLATION AFTER 
SUDDEN RELEASE OF CORONARY ARTERY. 
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TIME OF OCCLUSION IN MINUTES 


Fig. 1.—The relationship between the time of occlusion of the coronary artery and the de- 
velopment of ventricular fibrillation after sudden return of the blood flow. 


RESULTS 


Ventricular fibrillation developed within twenty seconds after release of 
the artery in 6 of the 31 dogs in which the flow was restored suddenly. In 
the 6 fatal cases, there was a normal rhythm for approximately the first five 
seconds, followed by extrasystoles. They were single at first and then occurred 
in short runs. Ventricular tachyeardia ensued and progressed rapidly to ven- 
tricular fibrillation. 

There appears to be no correlation between the length of time the artery 
was occluded and the occurrence of fibrillation after release (Fig. 1). Neither 
was there any significant relationship to the presence or absence of intact 
branches proximal to the occlusion. 

When the blood flow was restored intermittently, as was done in 11 dogs, 
there was no fibrillation. 
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DISCUSSION 


Large quantities of air in a coronary artery are known to produce ven- 
tricular fibrillation. However, small but visible quantities were forced distally 
into several of the surviving dogs without producing arrhythmia. Air was 
completely removed from the polyethylene tube in 4 of the fatal cases in 
the present series. This maneuver was not used in the other 2. It is possible 
that air embolism could have caused the death in the latter, although the air 
release hole was not made in 15 other dogs, all of which survived. In Blum- 
gart’s? study of temporary coronary occlusion, no opening was made in the 
vessel, so there was no possibility of the entrance of air. 

In work not ineluded in this report, defibrillation has been successful 
in animals anesthetized with Pentothal but nearly always failed in those under 
Nembutal. Vigorous electrical defibrillation and resuscitative measures were 
attempted on all of the hearts which fibrillated. Suecess was not achieved 
in any of the cases in the presently reported series, despite the fact that 2 
of the dogs were under Pentothal. 

The processes leading to fibrillation after the return of coronary flow 
are not understood. However, there are several pertinent observations in 
the literature. 

A fall in pH and a rise in lactie acid level in the myocardium of dogs 
with coronary occlusion were demonstrated by Moore and Greenberg.® Evi- 
dence of carbon dioxide accumulation in the heart, along with a fall in the 
pH, during interruption of the circulation under hypothermia was reported 
by Swan.’ He believed that the rapid return of the abnormally high carbon 
dioxide tension and the low pH toward normal may well have been a cause 
of fibrillation in his animals. Further evidence that these changes in blood 
chemistry can cause ventricular fibrillation was presented by Brown and 
Miller.*. They observed arryhthmias in all, and ventricular fibrillation in 11 
out of 15 dogs, immediately after a rapid reduction of an abnormally high 
earbon dioxide tension in the alveoli. When the carbon dioxide concentration 
was reduced slowly in two dogs, no arrhythmias occurred. It seems possible 
that a similar process was operating in the presently reported series. 


SUMMARY 


The anterior descending coronary artery of dogs was temporarily occluded 
for the insertion of a polyethylene tube. Sudden return of the arterial flow 
after completion of this intubation was followed by ventricular fibrillation 
within twenty seconds in 6 of 31 animals. Intermittent release over a period 
of several minutes was associated with no fatalities in 11 dogs. 


These observations would seem to justify exercise of caution during the 
restoration of temporarily interrupted coronary flow in various types of 
procedures, 


We wish to acknowledge the skilled operating room management and technical assistance 
of the following men during the experiments included in this review: R. M. Barber, HM3; 
K. G. Gibbons, HM3; S. T. Scott, HM2; C. J. Waido, HM3, and H. E. Warford, HM3. Students 
from the Tissue Bank School of the Naval Medical School assisted during the operations. 
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A SIMPLIFIED TECHNIQUE FOR DIVISION AND SUTURE 
OF THE PATENT DUCTUS ARTERIOSUS 


Lewis H. BosHeEr, Jr., M.D., RicuMonp, Va. 
(From the Division of Thoracic and Cardiovascular Surgery, Department of Surgery 
Medical College of Virginia) 
INCE the first successful surgical obliteration of the patent ductus arteriosus 
by Gross’ in 1938, surgeons have frequently argued the advisability of at- 
tempting complete division of this channel. 

The chief proponents for division and suture have been Gross,° Potts,?? 
Jones," Wangensteen,’* Conklin,? Glenn,® and Freeman,® whereas Blalock,? 
Holman,’ and Bigger’ have presented rather convincing statistics 
which show that ligation or suture ligation, when properly performed, only 
infrequently fails. Failure may result from incomplete closure of the ductus, 
recanalization when sutures cut through, or re-establishment of fistula due to 
infection and erosion around sutures. 

On theoretical grounds alone it is generally agreed that division of the 
ductus is desirable. It is for this reason that we present a technique which 
we now employ in most cases and which seems to offer a high degree of safety. 

Division and suture of a short, wide ductus presents a real technical chal- 
lenge. This is especially so in the adult where the aorta and pulmonary artery 
are large and the exposure between these vessels is limited. If, in addition, a 
sclerotic, friable ductus is encountered by the surgeon, wide experience and 
great skill will be required to guide him through the procedure without dis- 
aster. It is in just such difficult situations as these that ligation or suture 
ligation of the ductus may also fail. 

In presenting the following technique for division and suture of the 
patent ductus we make no claim for originality. Almost all of the steps have 
been previously described by individual surgeons. However, we have at- 
tempted to synthesize the most useful technical maneuvers and have added a 
few modifications. Our technique is applicable to most cases of patent due- 
tus; the necessary variations for dealing with the remaining eases will be 
mentioned in the discussion. 


TECHNIQUE 


Through a standard lateral approach, the pleural space is entered through 
the left fourth intercostal space in the infant and child and through the bed 
of the fifth rib in the adult. The second assistant retracts the upper lobe 
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downward. Later, to provide the surgeon with maximum exposure beneath 
the ductus, the first assistant sweeps the pulmonary artery forward by retract- 


ing the lung anteriorly. 


DUGTUS ARTERIOSUS 
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Fig. 1.—A, Exposure of the region of the ductus is shown after wide incision of the 
pleura. Vagal branches to the pulmonary artery have been divided. The perivascular sheath 
over the aorta has been incised and the fibrous tissue and lappet of serous pericardium 
dissected off the ductus onto the pulmonary artery. B, The recurrent nerve has been care- 
fully exposed and removal of fibrous pericardium from beneath the ductus started. 


After the chest is entered the highest intercostal vein is divided and the 
mediastinal pleura incised. The pleural incision is extended quite far in- 
feriorly behind the hilum while avoiding injury to the nearby vagus and 
phrenic nerves. By retracting the lung forward, one brings into sharp relief 
the vagal branches to the left pulmonary artery and hilum. These vagal 


FASCIA \ | 
\ 
: 


1056 BOSHER Decemban 
branches are divided so as to expose fully the region inferior to the ductus. 
This likewise permits easy identification of the recurrent nerve in its constant 
position encircling the ductus. Excessive traction on the vagus nerve above 
the recurrent branch may cause injury to the delicate recurrent nerve fibers. 
Excision of several lymph giands is often required during the dissection. 


Fig. 2.—A, Further meticulous removal of fibrous pericardium permits passage of a 
clamp beneath the ductus. B, The angled and straight Potts ductus clamps are applied at 
the extreme ends of the ductus. (The Potts bronchus clamp is now used instead of the 
angled ductus clamp.) Transection is started, leaving a wide aortic cuff. Interrupted mat- 
tress sutures are inserted in stepwise fashion as the ductus is progressively divided. 


Isolation of the ductus proceeds easily if the surgeon then incises com- 
pletely through the perivascular sheath overlying the aorta to enter the 
proper plane. . With sharp scissors dissection, the fibrous tissue and soon the 
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lappet of serous pericardium which extends over the ductus for a variable dis- 
tance are stripped back well onto the pulmonary artery (Fig. 1, 4). It is very 
important, however, to avoid removing adventitia and thus weakening the 
ductus wall. While these maneuvers are carried out the recurrent nerve is 
isolated as it swings beneath the ductus. 

Final preparation of the ductus for division entails meticulous excision or 
sectioning of all fibrous pericardium from the region around and beneath the 
ductus, especially in the angle between the ductus and pulmonary artery (Fig. 
1, B). This is the most tedious and yet the most important part of the dissec- 
tion. Occasionally, while dissecting out the fibrous pericardium, the peri- 
cardial sae will be entered. Such a wide dissection is required to yield maxi- 
mum length of ductus together with a portion of the pulmonary artery and to 
permit safe application of the Potts clamps. <A right-angle clamp should not 
be passed beneath the ductus until the fibrous tissue has been removed in part, 
since forced traction may tear a fragile ductus (Fig. 2, A). Gentle elevation 
of the ductus by an umbilical tape facilitates dissection beneath the ductus. 
Exposure beneath the ductus is further improved if the first assistant gently 
retracts the pulmonary artery with a gauze pledget, thus allowing the sur- 
geon always to dissect under direct vision. Before final clamping, the ductus 
is temporarily occluded for several minutes and the physiologic effects 
observed. 

Optimum placement of the Potts clamps is accomplished in the follow- 
ing manner. The first assistant tents up the pulmonary entrance of the duc- 
tus using two gauze pledgets on the pulmonary artery, the second assistant 
rolls back the recurrent nerve on the aorta with a third pledget, and the sur- 
geon, while elevating the mid-portion of the ductus with a right-angle clamp, 
places an angled Potts clamp across the ductus well back against the aorta. 
Formerly we used the angled Potts ductus clamp, but more recently have 
learned that much better exposure is provided for suturing if the Potts bron- 
chus clamp with its more distal angulation is utilized on the aortic side of the 
duetus. Oceasionally it may be helpful to apply the angled ductus clamp and 
bank the bronchus clamp behind this to gain the maximum length of ductus 
on the aortie side. The straight ductus clamp is applied across the opposite 
end of the ductus well onto the pulmonary artery. The Potts clamps must be 
oceluded to the last rachet, and rachet locks are then clamped on (Fig. 2, B). 

Division and suture of the two ends of the ductus is performed in a step- 
wise fashion. A short incision is initially made into the ductus with fine 
straight scissors at a point which leaves a wide cuff on the aortic side and 
usually, unless the ductus is long, a short cuff on the pulmonary artery side. 
This initial incision permits slight spreading of the clamps and facilitates 
placement of the first of three or four interrupted mattress sutures of 4-0 
arterial silk close to the aortie cuff clamp. The ductus is progressively divided 
as the remaining interrupted sutures are inserted and tied (Fig. 3, A). This 
technique yields a wide aortic cuff, maintains the lips in eversion for the final 
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rows of sutures and completely protects the surgeon against possible slipping 
of the aortic cuff or retraction of the posterior wall of the ductus, which may 
be quite thin. Using 5-0 arterial silk, closure is completed with two rows of 
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Fig. 3.—A, Complete transection of the ductus permits more adequate exposure, and 
closure of the aortic cuff is completed with two rows of continuous sutures or interrupted 
figure-of-eight sutures. B, Additional length can now be gained on the pulmonary cuff by 
placement of an angled clamp beyond the straight clamp. 


continuous sutures or interrupted figure-of-eight sutures over the end of the 
aortic cuff. If these sutures are properly placed, no additional interrupted su- 
tures will be necessary after removal of the clamp. 

Once the ductus is completely transected, a more adequate pulmonary cuff 
may easily be gained by placement of an angled Potts ductus clamp behind 
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the straight clamp (Fig. 3, B). This may be done immediately, if two angled 
clamps are available, or later, after the aortic cuff is sutured and the angled 
clamp removed from it. If still more length is desired on the pulmonary artery 
cuff, the more sharply angled Potts bronchus clamp may be applied beyond the 
angled ductus clamp, but this additional step is rarely necessary. 
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Fig. 4.—A, Closure of the pulmonary cuff is illustrated. B, The pulmonary cuff is 
covered by serous pericardium and fibrous tissue sutured down to the fibrous pericardium 


beneath the pulmonary artery. 

For suturing the pulmonary cuff we have usually preferred an inter- 
rupted mattress suture at either angle to prevent inversion of the corners, 
followed by two rows of continuous sutures over the end of the cuff (Fig. 
4, A). To protect against possible recanalization even after division of the 
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ductus, we have always covered the pulmonary artery cuff with the lappet of 
serous pericardium and fibrous tissue, suturing it to the fibrous pericardium 
beneath the pulmonary artery (Fig. 4, B). 

The mediastinal pleura is sutured loosely. The pleural space is always 
drained by an intercostal tube, which is generally removed in twenty-four to 
forty-eight hours. 


DISCUSSION 
i A number of disasters have been reported in the literature during attempted 
“oe obliteration or division of the patent ductus. Hemorrhage has occurred dur- 

"Ait ing dissection of the undersurface of the ductus or has resulted from forceful 


spreading of the tissues beneath the ductus with a clamp. Injury to the pul- 
= monary artery has occurred at a site of aneurysmal dilatation. Many of these 
; disasters probably can be attributed to lack of exposure. Fatalities have oc- 
curred because clamps have slipped from the euffs of the transected ductus. 
Such an event can result from inadequate removal of fibrous pericardium which 
prevents complete closure of the clamp. Clamps directly applied across a 
sclerotic, friable ductus such as may be encountered in an elderly patient or 
in the presence of endarteritis may cut through. Several instances are 
recorded in which infection developed around heavy sutures used for ligation, 
leading to the establishment of an endarteritis and a recurrence of the fistula. 

In the technique described maximum exposure of the region around and 
beneath the ductus is provided by employing the lateral approach, incising 
the pleura quite far inferiorly behind the hilum of the lung, dividing the 
vagal branches to the pulmonary hilum and retracting the lung and pulmo- 
nary artery forward. The important steps in dissecting out the patent ductus 
have been lucidly described by Potts.'2 These include sharp (scissors) dissec- 
tion ; utilization of the proper plane of dissection, initially on the aortic side of 
the ductus; removal of all fibrous pericardial tissue about the ductus; and 
isolation of a considerable portion of the pulmonary artery as the serous peri- 
cardium is dissected back. We wish to stress the desirability of obtaining a 
wide aortic cuff at the expense of the pulmonary artery cuff, since additional 
length ean always be gained on the pulmonary artery side after transection. 
Accidents relating to slipping of the cuff from the jaws of the clamp can be 
averted by the insertion of proximal mattress sutures during transection, < 
step described by Glenn,® who, however, prefers a continuous suture. 


In the short, wide, but still elastic ductus encountered in the infant or 
child, no difficulty should be encountered in obtaining sufficient length to per- 
mit division and suture by the technique described previously. However, if 
the surgeon feels any anxiety in this regard, he should not hesitate to mobilize 
the aortic arch above and below the ductus as a safeguard in order to permit 
application of a partially occluding aortie clamp or double cross-clamping, as 
preferred by Crafoord.t Mobilization of the arch adds additional time to the 
operative procedure and increases slightly the risk of damaging the recurrent 
nerve. We have employed it rarely in the child but consider it a valuable ma- 
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neuver in the adult patient with a large aorta and pulmonary artery, and 
especially in those cases in which the ductus is sclerotic. This maneuver does 
in considerable measure facilitate dissection of the undersurface of the diffi- 
eult ductus. After mobilization of the arch the surgeon may then elect to 
oeelude the ductus with Potts clamps or to occlude the aortie end of the ductus 
with a partial occlusion clamp of the Potts-Smith type positioned about the 
aorta. In either instance the stepwise method of transecting the ductus will 
prove valuable. In the case with a sclerotic and brittle ductus, the applica- 
tion of a partial occlusion clamp probably offers the safest technique and may 
help to avoid the complication which caused our only fatality. 


Out of forty-nine cases of patent ductus surgically treated by the author, 
thirty-six have been divided and sutured. Twenty-eight of the last thirty have 
been so managed. Partial aortic occlusion clamps have been utilized in seven 
eases and cross-clamping of the aorta in two additional instances in which 
technical difficulties arose. 

There has been one operative death, the first case in the series: a 52-year- 
old woman with auricular fibrillation, eardiae failure, and tertiary syphilis. 
The aorta and pulmonary artery were tremendously enlarged and the ductus 
extremely brittle. Minimal manipulation in the region beneath the ductus 
produced hemorrhage. A partial occlusion clamp of adequate size was not 
available for use on the aorta. An initial attempt to ligate the ductus was 
abandoned because of hemorrhage and, upon clamping the ductus with Potts 
clamps, the ductus snapped away cleanly from the aorta. The aorta was cross- 
clamped, but attempts at suturing the orifice were futile, since all sutures 
promptly eut through under systemie pressure. This region was resected and 
the aorta anastomosed but, to accomplish this, a clamp had to be placed 
proximal to the left carotid artery. Cardiac arrest resulted upon final release 
of the aortic clamps. 

No serious complications have occurred in the remaining forty-eight cases. 
Two instances of temporary left vocal cord paralysis have cleared completely 
and we believe these were related to excessive traction on the vagus nerve. 
There have been no recurrences in the entire group. 
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Case Reports 


FACTORS AFFECTING SPINAL CORD ISCHEMIA DURING AORTIC 
OCCLUSION 


B. EtsEMAN, M.D., anp W. B. Summers, M.D., DENVER, COLO. 


(From the Department of Surgery, University of Colorado School of Medicine, and the 
Denver Veterans Administration Hospital) 


LTHOUGH the operative excision and replacement of a diseased portion 

of the aorta is now a well-established technical procedure, ischemic damage 

to the spinal cord during the required period of aortic occlusion remains a con- 
stant threat. A number of techniques,® 27 including generalized hypothermia, 
%, 18, 25-26 have been investigated in an attempt to minimize this problem. The 
purpose of this paper is to present a case of permanent spinal-cord damage fol- 
lowing resection of an aneurysm of the descending thoracic aorta under hypo- 
thermia anesthesia, to emphasize the wide variation and tenuous nature of the 
vascular supply of the cord, and to discuss the various factors that affect the 


safe period of aortic occlusion. 


CASE REPORT 


P.C.S., a 32-year-old white man, suffered a gunshot wound of the left thorax in 1944, 
the bullet entering the sixth intercostal space anteriorly and lodging in the right lung field 
at the level of T 10 posteriorly. There was no mention of aortic involvement at the time of 
thoracotomy immediately following the injury. In August, 1954, following admission to the 
Denver Veterans Administration Hospital for investigation of an acute midline upper ab- 
dominal pain, he was found to have an aneurysm of the thoracic aorta extending from T 10 
to T 11 (Fig. 1). On Aug. 3, 1954, the diseased aorta was resected and a lyophilized aortic 
homograft inserted, utilizing hypothermia (28° to 30° C.) anesthesia. Proximally, the 
aorta was clamped at the level of T 8 and the segmental arteries interrupted at T 9 in order 
to facilitate the anastomosis. The distal anastomosis was performed at T 12, the clamp 
being placed immediately proximal to the celiac axis between L 1 and L 2. Thus, the seg- 
mental arteries at T9, T10, T11, T12, and L1 were severed. Due to the friable nature 
of the proximal aorta it was necessary to take down and revise the proximal anastomosis. 
This necessitated thoracic aortic occlusion for 63 minutes at the level of T 8. 

Postoperatively the graft functioned well (Fig. 2) and vascular supply has continued 
to be excellent. There is, however, permanent severe motor deficit of both lower extremities 
which is related to ischemic damage to the anterior horn cells of the lumbosacral segments 
of the cord with maximal damage below the third lumbar level. 


DISCUSSION 


The limiting time of thoracic aortic occlusion is dictated by the resultant 
damage to the spinal cord, not irreversible changes in the kidney or abdominal 
viscera.1® The wide and unpredictable individual variation in spinal-cord toler- 
ance to aortic cross-clamping is disturbing and challenging to the vascular sur- 
geon. Whereas one patient may tolerate over two hours of aortic occlusion 
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distal to the left subclavian artery,” another will suffer severe cord damage 
after less than forty minutes of cross-clamping.*® 1+ +>» 18 There are a number of 
factors affecting such spinal-cord damage and each must be considered individ- 
ually in order to evaluate the problem properly, or to draw any significant con- 
clusions from the mass of experimental and clinical data available in the litera- 
ture concerning the safe period of aortic occlusion (Fig. 3, Tables I and II). 


Fig. 3.—Diagram showing levels of aortic occlusion. 


1. The Arterial Blood Supply of the Spinal Cord and Its Variations.— 
Since spinal-cord ischemia is the limiting factor in thoracic aortic occlusion it 
is of paramount importance to understand the anatomic distribution of the 
arterial supply of the normal spinal cord and to correlate the clinical oecur- 
rence of paraplegia following cross-clamping of the aorta with the known loca- 
tion of the major arterial channels. 


TABLE I. AorTA OCCLUSION IN MAN 


TIME 


AUTHOR LEVEL (MINUTES) | TEMP. (°C.) PARALYSIS DISEASE 

Beattie2 2 41 fg 100% Coarctation 

DeBakey13 2 62 28° 0/1 100% Aneurysm 

Swan25 2 62 fg 1/1 100% Coaretation 

Bing+ 2&3 Not stated ai? 1/23 4% Coaretation 

Cooley?®9, 15, 18 3 38-77 4at28° 1/12 8% Aneurysm 

8 at 37° (transient ) 

Lam23 3 39 (24+15) 37° 1/1 100% Aneurysm (used shunt) 
DeBakey15 4 45 37° 0/1 0% Aneurysm 

DeBakey17 5 90-120 1 fa 0/26 0% Aneurysm and oblitera- 

tive 


The two most striking characteristics of the arterial supply of the cord’ ® 
22, 28, 29 are its wide individual variation and the small number and size of the 
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TABLE II. AorTIC OccLUSION IN Dogs 


TIME 


AUTHOR LEVEL (MINUTES) TEMP. (°C.) PARALYSIS DISEASE 

Beattie? 2 60 Ye 4/10 40% 

Beattie3 2 60 20-30° 21/10 10% 

Blalocks 2 40-65 37° 21/43 50% Artificially 
produced 
coarctation 

Mahorner24 3 Not stated 37° 0/3 0% 

Carrel? 3&4 10-15 Occasional 

(% not stated ) 

Clatworthys 3 30 37° 10/13 77% 

Gross20 3 4-15 5 ig 1/12 8% 

Gross20 3 23-60 Ef 7/14 50% 

Owens25 3 20-30 ar’ 18/36 50% 

Owens25 3&4 90-180 23-26° 0/7 0% 

Owens25 4 90-180 23-26° 0/9 0% 

Pontius13, 26 3 60 SY fa 33/50 65% 
Pontius2¢ 3 60 24-27° 0/47 0% 
Schafer27 3 30-50 37° 6/7 86% 
Lam23 Ligate all inter- 0 37° 2/10 20% 


costals 3&4 


arterial channels supplying this vital structure. The most important artery to 
the cord is the anterior spinal artery, a vessel of varying size that runs up the 
midline of the cord anteriorly and sends branches into the substance of the cord. 
A smaller and less important pair of posterior spinal arteries lie on each side 
of the cord posteriorly and supply the posterior portion of the posterior columns 
and a part of the posterior horn (Fig. 4). The remaining portion of the cord 
is vascularized by the anterior spinal artery. Both of these arteries are formed 


Fig. 4.—Cross-section of spinal cord showing area supplied by anterior spinal artery 
(a, sp. a.) and small segment of posterior horn and posterior column supplied by the posterior 
spinal artery (p. sp. a.). 


by the anastomosis of radicular arteries dividing as they reach the cord into an 
ascending and descending branch. In the cervical region the vascular supply is 
enriched by the vertebral arteries and the posterior inferior cerebellar arteries, 
as well as the segmental branches. 

In the thoracic and lumbar regions, on the other hand, the radicular branches 
contributing to the anterior spinal arteries are few and far between, and as a 
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consequence there is a precarious reserve blood supply of the cord. Less than 


one-fourth of all nerve roots are accompanied by arterial branches and most of 
these are in the cervical and upper thoracic region. Of the 6 or 8 branches 
contributing to the anterior spinal artery, 3 to 5 may be in the cervical and 
upper thoracic region. Between C 8 and T 9 there are usually 2 unilateral, in- 
consistently located, small branches to supply this long segment of cord. The 
largest and most important arterial branch to the cord usually arises somewhere 
between T 11 and L 3 (usually at L 2). Another small branch may enter below 
this point (Fig. 5). 

The posterior spinal artery has no segmental blood supply of its own inas- 
much as it too arises from the anterior spinal artery caudad to the lower cervical 


c3 


region. 


Cervical cord 


T5 
Thoracic cord 
\ T10 
\ 
\ Lumbar cord 
\ 


Fig. 5.—Diagram showing segmental blood supply of spinal cord (after Suh and Alexander’). 


In the various studies of spinal-cord vascularization,® ** ** 7° all observers 
have commented upon the wide variation in the location of the vital segmental 
branches which form the anterior spinal artery and upon which the viability of 
the cord depends. Although their exact location, size, and the side upon which 
they may enter is extremely variable, it is abundantly clear that the blood sup- 
ply of the lower thoracic and lumbar cord is precarious. Neurologists have rec- 
ognized that a number of inflammatory and degenerative cord lesions are fre- 
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quently found in the long stretches of thoracic spinal cord midway between 
nourishing segmental branches. When one or more of these segmental branches 
is sacrificed in the surgical mobilization of the aorta it is no wonder, therefore, 
that irreversible cord damage may ensue. 

These anatomic studies emphasize the vulnerability of the lower thoracic 
and upper lumbar cord to aortic cross-clamping and unhappily indicate that no 
single segmental branch, if preserved, can be counted upon to maintain an ade- 
quate arterial supply to the cord. 

2. The Nature of the Resected Aortic Lesion.—At the present time aortic 
resection may be indicated for coarctation, atheromatous disease, because of 
tumor involvement, or because of fistula or aneurysmal dilatation. Data on 
ischemic sequelae occurring following aortic cross-clamping because of coarcta- 
tion or obliterative disease are in no way comparable to the other conditions 
where no period of gradual occlusion has stimulated the development of arterial 
collaterals. The vast clinical experience” * '* *° in the repair of coarctations of 
the aorta is, therefore of little importance in gauging safety periods of aortic 
occlusion for nonobstructive aortic lesions. 

3. The Level of Occlusion.—<Aortie cross-clamping proximal to the innom- 
inate artery is limited by cardiac failure or by cerebral ischemia. Clamping 
immediately proximal to the left subclavian artery is limited by spinal cord dam- 
age as it is in the remaining portions of the descending aorta. As the occlusive 
clamp is moved eaudally the period of tolerance to occlusion increases. In hu- 
man beings without occlusive aortic disease the safe period of aortic occlusion 
at or just above the left subclavian is normally 52 to 60 minutes,'® ** 1% 1 18 
while we, as well as others, have found that periods of 90 to 120 minutes of 
occlusion are tolerated in the abdominal aorta‘’® *° 

4. The Number of Severed Segmental Arteries—Since the anterior spinal 
artery arises from the occasional intercostal artery it must be remembered that 
the number and level of the segmental branches of the aorta that are interrupted 
also may be of significance in producing cord damage. The surgeon usually is 
foreed to ligate 1 or 2 sets of segmental arteries along each end of the severed 
aorta in order to obtain a cuff sufficiently mobile to permit a satisfactory anas- 
tomosis. It is, unfortunately, impossible to determine which of these branches 
might be critical to the vascular supply of the cord. 

5. Procedures Designed to Minimize Spinal-Cord Ischemia.—The dangers 
of spinal-cord damage following cross-clamping of the aorta have been well rec- 
ognized by vascular surgeons, and two main attempts have been made to mini- 
mize this threat. 

Temporary vascular shunts of various design have been employed to by-pass 
the segment of aorta undergoing resection.® ** *4?7 These shunts have been 
given experimental but relatively little clinical trial. Their use is not without 
danger.”® 

Since generalized hypothermia anesthesia diminishes the oxygen require- 
ments of tissues, this technique has been employed to minimize the danger of 
cord damage during aortic occlusion.*® *° It has been shown experimentally to 
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offer a very substantial protection to the cord, allowing longer periods of aortic 
interruption with less threat of spinal-cord injury. Despite this protection it 
is clear from the case here cited that the answer to this problem is not as yet at 
hand and that even relatively short periods of occlusion of certain portions of 
the thoracic aorta may on occasion produce severe spinal-cord damage. 


SUMMARY AND CONCLUSIONS 


1. Factors affecting spinal-cord damage during aortic occlusion are dis- 
cussed. 

2. The precarious segmental nature of the arterial supply to the lower 
thoracic cord makes it particularly vulnerable to ischemic damage when lower 
thoracic and upper lumbar segmental vessels from the aorta are interrupted 
during aortic resection. 

3. A case of permanent spinal-cord damage following resection of a lower 
thoracic aneurysm under hypothermia is presented. The aorta was clamped at 
the level of T 6 for 63 minutes. 
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SUCCESSFUL RESECTION OF A LARGE ANEURYSM OF THE 
UPPER ABDOMINAL AORTA AND REPLACEMENT 
WITH HOMOGRAFT 


SAMUEL N. ErHerepDGE, M.D.,* James YEE, M.D.,** JouHn V. Smiru, M.D.,** 
STANLEY SCHONBERGER, M.D.,** AND MERVIN J. GOLDMAN, M.D.,*** 
OAKLAND, CALIF. 


fi (From the Veterans Administration Hospital) 


N THE past few years great strides have been made in the field of vascular 

surgery with the introduction of arterial homografts and various plastic 
prostheses as replacement for resected segments of diseased major vessels. 
Hufnagel,! Gross,” * Bahnson,‘ Deterling, Brown, Swan,’ DeBakey and 
Cooley,® ®° and many others'’** have reported very encouraging results, par- 
ticularly in the treatment of aneurysms. The practice of resection and re- 
placement by graft would now seem so well established as the treatment of 
choice that the previous types of therapy, such as ligation, wiring, wrapping, 
or endoaneurysmorrhaphy, will either be rapidly discarded or reserved for 
the particular cases where such a major procedure cannot be carried out for 
one reason or another. 

Schafer and Hardin,*® writing on the use of temporary polyethylene shunts 
during the resection of an aneurysm, stated that one of their cases failed be- 
cause of damage to the diseased aorta above their graft and “that to have 
been successful our resection and graft replacement should have included the 
entire abdominal aorta with its celiac, superior mesenteric, and renal branches 
—a feasible procedure.” It was this statement which helped give us the courage 
to operate upon the patient we are reporting. From a thorough review of the 
literature, we believe this to be the first such case successfully performed. 


CASE REPORT 


A 37-year-old Negro male construction worker was hospitalized at the Veterans Ad- 
ministration Hospital, Oakland, California, on July 7, 1954, complaining of recurrent attacks 
of right chest pain of four days’ duration. On July 4, without any exertion or trauma, the 
patient had experienced a sharp, breath-taking pain in the lower anterior portion of the right 
side of the chest, resulting in loss of consciousness of approximately ten minutes’ duration. 
At an emergency hospital the patient was told that he had gall bladder trouble and was 
treated accordingly. There were no respiratory symptoms aside from moderate difficulty in 
breathing. The chest pain subsided after two hours’ time. On the morning of July 5, while 
dressing, severe right lower chest pain recurred and the patient ‘‘blacked out.’’ Moderate 
pain persisted for six hours. On July 6, the patient was relatively asymptomatic and returned 


to work. While at work on the morning of July 7, the patient suffered his third attack of 
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right lower anterior chest pain without any coma on this occasion. The pain subsided 
after approximately six hours. There were no associated respiratory nor gastrointestinal 


symptoms. 

Past history revealed that in the fall of 1947, while in service on the Philippine 
Islands, the patient developed fever and left costovertebral angle pain without associated 
urinary symptoms. The patient suffered three episodes of this nature for which he was 
hospitalized on each occasion. He was returned to the States and at an Army hospital, 
in March of 1948, a stone was removed from the left kidney pelvis. Since then the patient 
was never free from a mild left lumbar pain which, however, was unassociated with 
fever or urinary symptoms. The patient had gonorrheal urethritis in 1946, but there was 
no history of a luetic infection. 

Physical examination on July 7, 1954, revealed a well-developed, well-nourished am- 
bulatory Negro man in no acute distress, weighing 185 pounds, 5’8” tall, with a tem- 
perature of 99° F., pulse of 68, respirations of 16, blood pressure 120/78. The pupils were 
round, regular, equal, and reacted to light and accommodation. The fundi showed no 
arteriosclerotic changes. Vision was good. The nasal septum was intact. The lungs were 
clear. The heart was not enlarged to percussion. The heart sounds were regular, of good 
quality, with no murmurs. The peripheral arteries were not palpably sclerotic. The 
abdomen revealed a well-healed left kidney incisional sear. In the left upper quadrant 
of the abdomen was a round, firm, fixed, slightly tender mass which had an expansile 
pulsation and a bruit. There was no abdominal wall rigidity, spasm, or tenderness, and 
no costovertebral angle spasm or tenderness. Peristalsis was normal. There was no 
deformity of the back and no tenderness. There were no neurological abnormalities. 


Laboratory and X-ray Findings.—Hematology on entry revealed red blood count 3.8 M; 
hemoglobin 10.9 grams; white blood cells 5,600 with a normal differential count; sedimentation 
rate of 55 mm, per hour. Urinalysis revealed a specific gravity of 1.029 with a slight trace 
of albumin on entry which was not present on subsequent urinalyses. Cardiolipin micro- 
flocculation test was negative. Blood urea nitrogen was 10 mg. per cent; phenolsulfon- 
phthalein showed 80 per cent excretion of dye in 60 minutes, The right kidney excreted 15 
per cent of dye, the left kidney 20 per cent in 15 minutes. Blood cholesterol was 218 mg. 
per cent total with 91 mg. per cent free. Repeated blood counts were essentially un- 
changed. X-ray examination of the chest was negative except for questionable slight 
enlargement of the heart. Excretory urograms were interpreted as showing probable 
cystic disease of the left kidney. Roentgenogram of the spine showed very marked 
irregular erosion of the anterior surfaces of T,, and L, vertebral bodies with perfect 
preservation of the intervertebral discs, typical of pressure erosion. An aneurysm was 
suspected. The aneurysmal sac could not be demonstrated on the soft tissue films. An 
upper gastrointestinal series was negative. 


Course and Treatment.—Following admission to the Urological Service, the patient had 
no recurrence of his right lower anterior chest pain except on the third day of hospitaliza- 
tion, when he had mild pain which lasted for only 45 minutes. However, throughout his 
course of hospitalization, prior to surgery, the patient experienced mild left flank pain 
which he had had since 1947. The palpable left upper quadrant mass was suspected of 
being an aneurysm and the patient was transferred to the Medical Service. An electro- 
cardiogram on Aug. 5, 1954, was within normal limits. 

To better delineate the nature of the aneurysm, percutaneous transthoracic aortog- 
raphy employing 70 per cent Diodrast was performed on Aug. 26, 1954, with films taken 
in oblique views. The lower thoracic and abdominal aorta were well visualized, demon- 
strating an aneurysm of the upper abdominal aorta, fusiform in type, involving the entire 
lumen of the aorta. The celiac axis was shown to arise in the middle of the aneurysm. 
The lower abdominal aorta appeared quite normal. Excellent visualization of the renal 
circulation as well as pyelograms demonstrating normal kidney pelves were obtained. 

In spite of the location of the aneurysm involving the celiac axis and superior 
mesenteric artery, it was felt that the patient’s recent episodes of pain, coma, and anemia 
were due to hemorrhage from the aneurysmal sac and that lethal rupture of the aneurysm 
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was imminent. Surgical intervention was deemed indicated and the patient was trans- 
ferred to the Surgical Service. 

Operation.—The patient was taken to surgery on Sept. 20, 1954. He was anesthetized 
with Pentothal-curare and turned well on his right side. An incision (Fig. 1) was made 
directly over the course of the eighth intercostal space. The incision was extended into 
the left rectus sheath and then downward opposite the umbilicus. This combined thoraco- 
abdominal approach afforded a very satisfactory exposure for this large lesion. Exploration 
was carried out before the diaphragm was completely split in an effort to obtain informa- 
tion about the operability of the lesion. It was noted that the aneurysm was a very 
large, irregular mass about the size of an adult head (Fig. 1). 
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Fig. 1—A, Drawing of the mass in place. Note the secondary aneurysmal dilatation 
above the large aneurysm; the large size of the superior mesenteric artery as compared to 
the celiac; and the dense adherence of the left kidney. 


The mass had numerous nodulations, some of which were quite soft, indicating 
marked weakness of the wall in this area. The mass extended out to the lateral abdominal 
wall on the left side and to well beyond the midline on the right. Superiorly, the mass 
pushed the diaphragm well up and was very densely adherent to the diaphragm, particu- 
larly posteriorly. Inferiorly, the mass extended well below the pole of the left kidney, 
which was, incidentally, extremely adherent to the mass, and its margins could not be 
identified. 

No contraindication to removal of the mass could be made out by this primary 
exploration and we decided to proceed carefully with attempt at mobilization of the mass. 
The aorta was first approached in the thoracic cavity approximately two to three inches 
above the diaphragm where dissection was carried around the aorta and a heavy rubber 
tube inserted for control in case of accidental entry into the aneurysmal sac. The left 
lateral peritoneum was then dissected by sharp dissection and reflected toward the midline. 
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The spleen was lifted up along with the splenic flexure of the colon, pancreas, and the left 
kidney, and all of these structures were reflected over together toward the midline. The 
aneurysm was very densely adherent to the diaphragm posteriorly, and as the mass was 
reflected the diaphragm was completely separated from its posterior attachments. Several 
attempts were made to free the left kidney from the mass but all of these only met with 
failure, either due to the extremely dense adhesions or to the marked vascularity of these 
adhesions which probably represented some of the renal vessels. These attempts were 
eventually abandoned as it was felt that if the aneurysm were to be removed the left 
kidney would have to be removed along with it. 


The spleen and its pedicle freed up quite readily and it was possible to completely 
mobilize the spleen and pancreas and reflect them over into the right subphrenie space 
where they were left so that the splenic artery could be saved in case it was needed for 
shunting. As the mass was freed up superiorly, it was noted that there was a distinct 
bulge of the aorta from just at the level of the diaphragmatic hiatus to a point about 2 
em, above the major aneurysm. It was felt that this represented a small aneurysmal 
dilatation. This was, however, minute in comparison to the huge sac. Nevertheless, this 
did further complicate the procedure as we felt that it was absolutely essential to remove 
this second sacculation if the patient was to profit by the removal of the huge mass. 
Toward the right side, the dissection was complicated by the necessity of preserving 
the superior mesenteric and celiac vessels. By very long and tedious dissection, these 
vessels were eventually identified and dissected free and very carefully preserved. 

Posteriorly on the right side, the aneurysmal sac penetrated deeply very far and 
invaded the right lumbar musculature (Fig. 5). In this area there was considerable acute 
inflammatory reaction still present and it was felt that this probably accounted for the 
episodes of acute right upper quadrant pain which had been the cause of the patient’s 
original hospitalization. The right renal artery could be palpated but was never well 
visualized due to the fact that it was overlaid by the huge mass. Inferiorly, the aorta 
seemed to be in relatively good condition and its walls not too thick except posteriorly 
where rather marked plaque formation could be made out. It was our hope that the 
aneurysm could be completely mobilized for its entire circumference before thinking of 
division of the aorta, but this became very obviously impossible as we proceeded pos- 
teriorly where the aneurysm had markedly eroded at least two of the vertebrae, thought to 
be T 12 and L 1. Complete mobilization then had to be deferred until we were ready to 
proceed with the actual excision of the aneurysm. 

It was felt that a form of shunting past the involved area would be absolutely necessary 
in view of the long procedure contemplated. Therefore, following the procedure advocated 
by Schafer,1° a polyethylene shunt, measuring 5 mm. inside diameter, 7 mm. outside diameter 
(Fig. 6), was inserted into the aorta at the superior margin of dissection after control using 
Pott’s clamps had been applied above and below the level (Fig. 2, B). A short longitudinal 
incision was made in the anterior wall of the aorta. The end of the tube with its small 
flare was inserted into the aorta and sutured in place with several interrupted No. 5-0 
Deknatel arterial silk sutures. The controlling clamps on the aorta were then immediately 
removed. The lower end of this polyethylene tube was then inserted into the lower abdomi- 
nal aorta just above the bifurcation in a similar fashion. 

At this point a very distressing complication arose. It was observed that the plaque 
on the posterior abdominal aorta, which was noted on palpation, was much thicker than had 
been anticipated. In an attempt to remove a portion of this plaque, a small rent was inad- 
vertently made in the posterior wall of the aorta which caused considerable difficulty in its 
repair. However, this repair was accomplished, although we were concerned about some 
reduction in the size of the aorta at this level. 

The polyethylene shunt had been passed through a small hole in the diaphragm which 
took the shunt well out of the field of operation where it was very unlikely to be dislodged. 
A rubber tube control was placed around the distal aorta but above the level of the entrance 
of the shunt, and this control was laid loosely in place and not tightened down. A site for 
division of the aorta superiorly was chosen just above the old site of the diaphragmatic 
hiatus. The aorta was divided at this level between coarctation clamps and was dissected 
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down as far as possible (Fig. 2, C). The arterial homograft, which consisted of the aorta 
of a young adult male, was then sutured to the upper end of the aorta using a continuous 
arterial silk suture (No. 4-0 Deknatel) (Fig. 3, D). 

The graft was then laid in place along the large aneurysm, with a little tension placed 
upon it to approximate its future position after the mass had been removed. At the esti- 
mated level of the celiac artery a small ellipse was removed from the aortic graft wall. The 
patient’s celiac artery was divided between small arterial clamps, and an anastomosis of the 
celiac artery to the graft was carried out (Fig. 3, E). This anastomosis was extremely diffi- 
cult and the most trying portion of the entire operation. The patient’s celiac artery was 
extremely friable, being more so than a vena cava or portal vein ordinarily is. The vessel 
tore several times before the anastomosis could be completed. Once anastomosis had been 
completed, the controlling clamp was placed just distal to the anastomosis and the controls 
were removed from the aorta above, permitting blood to flow down through the aorta and 
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Fig. 4.—G, The controlling clamp has been shifted to below the superior mesenteric. 
The entire mass is being mobilized. The right renal artery has finally been visualized and 
the aorta is being divided on a bias just above this vessel. A controlling clamp was in place 
just below the renal artery at this time but is not shown. H, The graft is completely sutured 
in place. The shunt and all controlling clamps have been removed. 


into the celiac artery. An identical procedure was then carried out anastomosing the pa- 
tient’s distal superior mesenteric artery to the homograft (Fig. 3, F). As soon as this 
anastomosis had been completed, the control on the graft was moved just distal to the superior 
mesenteric anastomosis and blood was permitted to flow into both celiac and superior mesen- 
teric arteries. It was estimated that approximately twelve to fifteen minutes was required for 
each anastomosis, during which time the blood flow was shut off to both of these major vessels. 

At this point we prepared for very rapid action. The distal aorta was clamped, and 
immediately the large aneurysm was dissected free as fast as was possible. All of the inter- 
costal and lumbar vessels that could be identified were divided, clamped, and ligated. The 
large sac was dissected from the vertebral column where it eroded the two vertebral bodies 
and also from the right lumbar musculature. Once the mass could be lifted up out of the 
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abdominal cavity it was possible to observe the right renal artery and to divide the aorta 
slightly on the bias and preserve an estimated 1 em, of reasonably healthy aorta above the 
right renal take-off. The lower end of the graft was then quickly sutured to the distal aorta 
(Fig. 4, G). 

As soon as the anastomosis was completed the control below the superior mesenteric was 
removed, the inferior control removed, and blood was allowed to flow completely through the 
graft. A very satisfactory pulsation of all the vessels was immediately detected. All small 
bleeding points, both in the anastomotic line and in the area of dissection, were carefully 
searched for and controlled. Several pieces of Gelfoam were placed down in the defect in the 
vertebral bodies. The spleen which, as previously stated, had been preserved up to this time 
for possible emergency use was now removed. The polyethylene shunt was next removed 
between controls (Fig. 4, H). 

The posterior peritoneum was closed where possible, but this was quite incomplete due 
to the large defect created. The diaphragm was reconstructed and reconstituted as far as 
was possible. A right-angle chest tube was inserted and brought out through the ninth inter- 
costal space. The patient showed some signs of unresponsive shock near the end of the opera- 
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Fig. 5.—Schematic cross-section through the level of Tiz and Li to show the relative size 
of the aneurysm, its adherence to the left kidney, the erosion of the vertebral bodies, and the 
deep dissection in the right paravertebral space. 


tion, and at that time he was started on intravenous hydrocortisone. He had been receiving 
continuous drip of Levophed for some period at that time. The patient’s general condition 
at the close of the operation was reasonably satisfactory considering the extremely prolonged 
procedure. 

Pathology Report.—Gross: The specimen consisted of an irregular mass measuring 11 
by 10 by 8 em, At one point a segment of aorta could be seen. On opening this it was 
markedly distorted; however, a large aneurysm filled with friable clotted blood was found 
attached to the aorta. The surface of the aorta showed numerous bright-yellow atherosclerotic 
plaques. There was no evidence of syphilis or of other arteriole disease, A large mass of 
skeletal muscle was also present, associated with the aneurysm. Sections of the aneurysm 
wall showed at one point aorta with considerable subintimal fibrosis. The elastic tissue was 
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Fig. 6.—The polyethylene shunt used. 
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Fig. 7.—Graph showing management of the postoperative complication of urinary_sup- 
pression. The hormones and electrolytes given are shown at the top of the graph, the blood 
chemistries are illustrated in the middle section, and the fluid balance graph is shown below. 
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irregular, broken in a few areas but, in general, was mainly intact. At the point where the 
aneurysm was formed the media had been replaced by fibrous tissue and the wall of the 
aneurysm was composed only of collagenous connective tissues. A few sites of lymphocytic 
infiltrations were present. The wall of the aneurysm was covered by clotted blood. Diag- 


nosis: Aortic aneurysm; atherosclerosis. 

Postoperatively, the peripheral circulation was adequate, the posterior tibial pulsations 
being palpable at all times, There was no paraplegia or paresis of the lower extremities and 
no other evidence of spinal cord ischemia. The postoperative course was uncomplicated except 
for the development of acute tubular necrosis. This complication was followed very closely 


and successfully* (Graph, Fig. 7). 

A regimen was then started of restricted fluid intake, calculating the 24-hour intake 
on the basis of 750 ¢.c. plus the amount of urine excreted in the previous 24-hour period. To 
this total amount of water was added 300 Gm. of glucose daily. The fluid intake and output 
and serum electrolytes are illustrated in Fig. 7. The patient received no additional electrolytes 
except as illustrated in the chart. At no time did the patient develop any sign of pulmonary 
or peripheral edema. The blood pressure remained within normal levels throughout. The 
serum potassium never rose above 6.5 meq. per liter. Serial electrocardiograms were all 
within normal limits. Diuresis (urine volume over 500 c¢.c.) began on the sixteenth post- 
operative day. No problems were experienced in fluid and electrolyte balance during the 


diuretic phase. 
Because of the unknown status of the patient’s own adrenals, with the known sacrifice 


of the left adrenal gland, he received 100 mg. of hydrocortisone intravenously and 100 mg. 
of cortisone intramuscularly during surgery. In spite of the development of the acute renal 
insufficiency, we felt obligated to continue hormonal therapy (Fig. 7). Supplementary potas- 
sium was not added until the patient had reached the diuretic phase. The blood urea which 
had reached a high of 235 mg. per cent on the sixteenth postoperative day gradually came 
down to 19.3 mg. per cent by Dec. 3, 1954. The patient was discharged from the hospital on 
Jan. 13, 1955. He has been followed at regular intervals since that time, and continues in 


very satisfactory condition. 
COMMENT 


There were numerous outstanding points of interest which arose during 
the management of this tremendous problem. We will discuss some of these 
at random. 

1. The type of aneurysm in a patient of this age. As noted, the patient 
was only 37 years of age and had had previous left renal surgery. We there- 
fore considered preoperatively the outside possibility of the aneurysm being 
traumatic in origin. There was absolutely nothing in the history or serology 
to suggest a syphilitic origin. The gross findings at surgery and the later 
pathologie study proved the definite arteriosclerotic nature of the aneurysm. 

2. The extensive involvement of the great vessels of the upper abdomen 
naturally greatly complicated and prolonged the dissection as each individual 
organ and vessel had to be preserved until the decision could finally be reached 
that resection was possible. The difficulty in identifying the renal vessels was 
particularly disturbing, and this was apparently due to the invasion of the 
left renal pedicle by the aneurysm and the posterior rotation of the right renal 
vessels due to the huge aneurysmal sae overriding the aorta at this level. 

3. The secondary dilatation of the aorta between the aneurysm and the 
diaphragm would not seem to offer much of a problem, but we felt that this 
diseased area should definitely be included in the resection and this additional 


*By Dr. Mervin J. Goldman of the Medical Service. 
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segment moved the dissection for control of the thoracic aorta and insertion 
of the shunt just high enough out of the operative field to make these pro- 
cedures unpleasantly difficult and painstaking. 

4. The marked posterior involvement of the distal aorta which resulted 
in our posterior leak at that level, threatened for a while to nullify all of our 
efforts. We had been impressed by the pliability of the anterior wall and 
were somewhat taken by surprise by the extensive arteriosclerotic involvement 
posteriorly. We have been impressed by this predominant posterior involve- 
ment of the aorta, iliacs, and femorals on numerous previous cases and can 
think of no satisfactory explanation, nor have we encountered any such expla- 
nation in the literature. 

5. The use of polyethylene shunts has been well described by Schafer and 
Hardin’® and others. Although the shunt we used measured only 0.5 em. in 
inside diameter, we feel that it undoubtedly played a vital role in the handling 
of this case. By its use and by the step-procedure which we devised for 
division of the great abdominal vessels one at a time, we were able to keep 
blood flowing into all of the vital organs except for relatively short periods 
of time. We are sure this contributed to the patient’s excellent postoperative 
course, which, except for the oliguria, was amazingly smooth. (On the third 
postoperative day he requested to be moved from the room with the sick 
people in it.) 

6. It is impossible to state at this time that the homograft is the ideal 
substitute for the resected vessel since the literature is beginning to report 
excellent results with some of the plastics which would be much simpler to 
obtain and to handle. We have had no experience with such materials. Our 
own graft was obtained and prepared by our local artery bank. We are at 
present using the quick-freeze method of preparation, but thanks to a grant 
from the Heart Association will eventually change to the freeze-dry process. 


SUMMARY 


A ease is reported of what we believe to be the first successful resection 
of an arteriosclerotic aneurysm of the upper abdominal aorta with division 
and anastomosis of the celiac and superior mesenteric arteries to the homo- 
graft replacement. 
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ADDENDUM 


The patient has been followed at regular intervals and was last seen on Oct. 14, 


1955. He has regained his preoperative weight and strength and has returned to active 
construction type of work. 
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CHOLECYSTOGRAPHIC STUDIES DURING AND IMMEDIATELY 
FOLLOWING ACUTE PANCREATITIS 


Van G. Kapen, M.D., Joun M. Howarp, M.D., ano 
LEonarD C. DousLepAy, M.D., Houston, TEx. 


(From the Departments of Surgery and Radiology, Baylor University College of Medicine, 
and the Jefferson Davis Hospital) 


AILURE of gall-bladder visualization has been considered roentgenographic 

evidence, in most patients, of cholelithiasis. This failure of visualization has 
been attributed to nonfilling of the gall bladder (cystic duct obstruction) or 
to the loss of the absorptive (concentrating) funetion by the damaged gall 
bladder. Because of the essential difference in clinical management of pa- 
tients with acute cholecystitis and acute pancreatitis, it is necessary to dis- 
tinguish accurately between the two diseases. Since acute cholecystitis is 
associated with roentgenographic nonvisualization of the gall bladder, it 
appeared important to study patients with acute pancreatitis by cholecystog- 
raphy during the earlier phases of the illness, at which time the differential 
diagnosis must be made. 

This has been a study of 23 patients with acute pancreatitis in whom gall- 
stone disease has subsequently been excluded. Selection of patients was de- 
pendent upon the subsidence of symptoms and the return of gastrointestinal 
funetion as indicated by elinical signs. Each patient was given the chole- 
eystographic medium (Priodax* or Telepaquet) orally, or Cholografint intra- 
venously, in standard doses, during the first week of hospitalization. Chole- 
eystography was then repeated during the ensuing outpatient visits. 

Patients experiencing vomiting or diarrhea during their roentgenographie 
studies have been excluded. 


OBSERVATIONS 


Ten normal or chronically ill subjects served as controls. Gall-bladder 
visualization was normal in nine of the studies, the tenth being unsatisfactory 
because of the resultant diarrhea. 

Of the 23 patients studied during their hospitalization, the gall bladder 
was clearly visualized in only 8 (Table I). In two additional instances, the 
concentration of opaque material in the gall bladder was interpreted as sub- 
normal. Follow-up studies of these two patients later demonstrated a normal 
concentration of dye in the gall bladder. In two other patients a very faint, 


Supported in part by the Cora and Webb Mading Fund for Surgical Research. 

Received for publication April 20, 1955. 

*“Priodax,” brand name for Iodoalphonic acid (Schering Corporation), (beta[4-hydroxy-3, 
5-diiodopheny!] alpha-pheny!-propionic acid). 

+“Telepaque,” brand name for Iodopanoic acid (Winthrop-Stearns, Inc.), (3-amino-2,4,5- 
triiodophenyl)-(2-ethyl propionic acid). 

t“Cholografin,” brand name (E. R. Squibb & Sons) for N,N?-adipyl-bis (3-amino-2,4,6- 
triiodo)-benzoic acid. 
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barely discernible shadow which probably represented the gall bladder was 
present on the initial examination. Subsequent examination of these patients 
demonstrated normal visualization. 


TABLE I. CHOLECYSTOGRAPHY DURING ACUTE PANCREATITIS IN PATIENTS WITH NORMAL 
BILIARY TRACTS 


GALL-BLADDER VISUALIZATION 


DURING ACUTE PHASE* NUMBER OF PATIENTS 
Normal 8 
Impaired visualization 2 
Very faint visualization 2 
Nonvisualization 11 

Total 23 


*The first seven days of illness. 


Roentgenographic studies of the remaining 11 patients during the period 
of hospitalization failed to delineate the gall bladder. Eight of these patients, 
with nonvisualization during the early course of their illness, demonstrated a 
normal gall bladder outline when restudied during the ensuing months. Three 
additional patients with nonvisualization were found to have acute pancreati- 
tis and a grossly normal gall bladder at the time of laparotomy. Many other 
patients demonstrated nonvisualization during their illness with acute pan- 
creatitis and demonstrated normal concentration at a later date, but, because 
they had gallstones, they are excluded from this series. 

The clinical observations are demonstrated by the following three case 
presentations. 


Fig. 1.—Nonvisualization of the gall bladder followed by visualization of a normal gall bladder 
after recovery from acute pancreatitis. 


CASE 1.—A 27-year-old Negro woman was admitted to Jefferson Davis Hospital on May 
18, 1951, complaining of nausea, vomiting, and cramping epigastric pain of four days’ dura- 
tion. She had experienced a similar episode two years previously. Further questioning 
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revealed a history of drinking approximately one-half pint of whisky daily during the pre- 
ceding two years. There was no history suggestive of gallstone disease. Examination revealed 
a moderately obese woman in acute distress, with direct and rebound tenderness most marked 
in the epigastrium. The bowel sounds were diminished. The serum amylase concentration, 


Fig. 2.—Roentgenograms demonstrating the recovery of cholecystic function between the 
eighth and twelfth day after onset of acute pancreatitis. 


Fig. 3.—Faint visualization on the fifth day of illness followed by normal visualization on the 
fourteenth day. 


elevated on admission, had returned to normal by the third hospital day. Meanwhile, she had 
become asymptomatic. Cholecystography on the fifth hospital day (ninth day of illness) 
failed to outline the gall bladder. Five months after the acute illness, cholecystography re- 
vealed normal visualization of the gall bladder without evidence of cholelithiasis (Fig. 1). 
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Case 2.—A 46-year-old Negro woman was admitted to Jefferson Davis Hospital with 
a history of nausea, vomiting, and generalized abdominal cramping and distention of four 
days’ duration. Although this represented her first episode of acute abdominal pain, she had 
a long-standing history of alcoholism with an alcoholic bout preceding this illness, The ab- 
domen was distended and tympanitic with absent bowel sounds. There was generalized re- 
bound tenderness, more marked in the epigastrium. The initial serum amylase concentration 
on the sixth day of her illness was 76 mg. per cent, the normal being 20 to 40 mg. per cent. 
This rose to 109 mg. per cent the following day but returned to 60 mg. per cent on the 
eighth day of her illness. By the eighth day she was tolerating an oral fluid intake. Chole- 
eystography (Priodax) was then attempted but failed to outline her gall bladder. This test 
was repeated twelve days after onset of the illness and showed satisfactory concentration of 
dye in the gall bladder without evidence of stones (Fig. 2). 


Case 3,—An 18-year-old white woman was admitted to the hospital on June 28, 1951, 
with a 12-hour history of cramping epigastric pain radiating straight through to her back 
and under her right shoulder. There was accompanying nausea and vomiting. She had suf- 
fered a similar, less severe episode two years earlier. Examination revealed an obese patient 
in marked distress with severe direct and rebound tenderness in the epigastrium. Peristaltic 
sounds were absent. The serum amylase concentration, 116 mg. per cent on admission, sub- 
sided to 19 mg. per cent by the fifth hospital day. A cholecystogram on the fifth day showed 
faint visualization of the gall bladder without stones. A second cholecystogram, 14 days 
after the onset of the illness, revealed a normal concentration of dye in the gall bladder 
(Fig. 3). 

DISCUSSION 

The correct differential diagnosis between acute cholecystitis and acute pan- 
creatitis is essential since one responds well to early surgical intervention, the 
other to nonoperative management. The distinction may not be an easy one, 
especially when the patient is first seen several days after the onset of the 
disease. Nonvisualization of the gall bladder by cholecystographie methods, 
being characteristic of acute cholecystitis, has been used as a diagnostic 
distinction. 

The results of this study indicate that such a diagnostic criterion is in- 
valid. Nonvisualization occurs frequently, almost characteristically, during 
the first week of illness with acute pancreatitis. At the time when diagnostic 
assistance is needed, this study is of value only if visualization of the gall 
bladder results. 

This observation is a confirmation of the study by Silvani and McCorkle* 
who demonstrated that nonvisualization was not infrequent, even though the 
radiopaque medium was administered intravenously. A similar observation 
was made by Nothman® during the study of patients with chronic relapsing 
pancreatitis. Failure of gall bladder visualization is apparent in several of 
the patients reported by Elman.? Radakovich and his associates® added addi- 
tional clinical observations demonstrating a reduced opacification of the gall 
bladder during acute pancreatitis, but in most of their patients with non- 
visualization, cholecystic disease was not excluded. They presented experi- 
mental evidence that, in dogs, ligation of the pancreatic ducts or pancreatec- 
tomy resulted in a decreased absorption of the cholecystographic media from 
the bowel and a resulting’ nonvisualization of the gall bladder.’ After the 
lapse of a few days, nonvisualization resulted even if the media were given 
intravenously. They concluded that the pancreatic secretion controlled, in 
part, not only the absorption of the cholecystographiec media from the in- 
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testinal tract, but also the cholecystic tone or absorption. Studies of battle 
casualties indicated that nonvisualization often followed severe injury of any 
type.? This would strongly suggest that the phenomenon was not specific for 
direct pancreatic injury. Since the intravenous administration of the chole- 
eystographic medium in the earlier studies, as well as in the last two patients 
of this series, also resulted in nonvisualization, failure of intestinal absorption 
of the medium is not the only defect. Paralytic ileus of the gall bladder with 
failure of intermittent emptying and refilling might be postulated as the basic 
underlying defect. Diminution in the absorption of water by the gall bladder 
may prove to be a factor. 
SUMMARY 


Choleeystographie studies of 23 patients during the first week of convales- 
cence from acute pancreatitis indicated nonvisualization of the gall bladder in 
11 instances and impaired function in an additional 4 instances (total of 65 
per cent). Cholecystograms during follow-up studies or surgical exploration 
indicated that these patients had no organic disease of the gall bladder. The 
return of cholecystic function, as indicated by cholecystography, characteris- 
tically occurred within a month after the symptoms of acute pancreatitis had 
subsided. 

During the first week of illness with acute pancreatitis, a cholecystogram 
is of diagnostic assistance only if the gall bladder is visualized, for nonvisuali- 
zation at this time does not necessarily indicate organic cholecystie disease. 
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SEGMENTAL ARTERIAL SPASM OF THE BRACHIAL ARTERY 


REporRT OF CASE TREATED BY PROCAINE 
Into MEpIAN NERVE 


JacosB KuLowsk1, M.D., St. JoserH, Mo. 
(From Missouri Methodist Hospital) 


HE mechanical causes of cireulatory disturbances associated with supra- 
condylar fracture of the humerus in children are well known, and feared by 
laymen and doctors alike. Not so well known, perhaps, is the entity, called by 
‘arious names, but best deseribed clinically as (reflex) segmental arterial spasm. 


CASE REPORT 

L. L. A., an 8-year-old white girl, was admitted to the Missouri Methodist Hospital on 
the night of April 22, 1955, with a compound supracondylar fracture of the right elbow, 
following a fall from a horse. 

On examination there was the usual, obvious deformity associated with this type of 
injury, and a 2 em. contused puncture wound in the middle of the antecubital fossa, through 
which the jagged end of the lower humerus protruded. 

Most striking was the loss of the radial pulse at the wrist, with moderate coldness 
and slight swelling of the fingers and hand. Because of poor cooperation more detailed 
information with regard to the neurocirculatory situation could not be ascertained. 

Fig. 1 shows the roentgenographic appearance of the right elbow on admission to the 
hospital (about three hours after injury). 

Course.—Within an hour débridement and open reduction of the badly displaced frac- 
ture surfaces were carried out (about four hours after injury). It was felt that the radial 
pulse would function as soon as the mechanical pressure upon it was relieved by reduction. 
The reduction was easily accomplished but the radial artery failed to resume pulsations. 
After waiting for this to happen without success for several minutes, segmental arterial 
spasm was suspected, and the antecubital wound was enlarged to afford exposure of the 
brachial artery and median nerve. The veins and nerve appeared normal; but the brachial 
artery was attenuated and almost stringlike. The artery was absolutely pulseless and re- 
mained so after several minutes of manipulation and massage; despite the fact that there 
was now no evidence of any kind of pressure upon it or evidence of arterial contusion or 
laceration. 

The close proximity and healthy appearance of the median nerve, on the other hand, 
suggested, even invited, a trial of injection of procaine into it. Three centimeters of 1 
per cent procaine was instilled under the nerve sheath with a fine needle. In a few moments, 
the brachial artery began to pulsate feebly but surely. Another injection was made, follow- 
ing which the pulsations increased in volume and could soon be palpated also at the wrist. 
Reduction was maintained with the elbow at about 80 degrees, the wound loosely closed 
without drainage, and a posterior plaster splint applied. 

The immediate and subsequent recovery was uneventful. Fig. 2 shows the lateral 
roentgenogram of the patient’s elbow three weeks after operation. When seen last on June 
10, 1955, there was no evidence of neurocireulatory disturbance, and the patient exhibited a 50 
per cent range of motion, which was expected to attain normaley in due course of time. 


COMMENT 
This case was undoubtedly one of segmental arterial spasm because the 
vessel had been fully exposed for at least 3 to 4 em., and exhibited no signs of 
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local compression, injury, or thrombosis. The condition and its dramatic re- 
sponse to local procaine injection into the median nerve had to be seen to be 


fully appreciated, especially on the background of less responsive experiences 
with similar clinical threats in the past. Since the condition is thought to be due 


Fig. 1.—(April 22, 1955.) Anteroposterior (A) and lateral (B) roentgenograms of right elbow 
before operation. 


to reflex sympathetic activity, it is suggested that this reflex are was broken by 
procaine injected into the median nerve. 

Clinicians faced with similar situations, especially when the fracture is 
already compounded and fresh, ought not to hesitate in exposing the antecubital 
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structures for a look at the brachial artery (after the fracture has been re- 
duced). In the presence of segmental arterial spasm, injection of procaine into 
the median nerve should be given a clinical trial, since it is the least complicated 
and least disturbing locally of all other methods already suggested in the litera- 
ture. 

In so far as I am able to tell, this is the first case of segmental arterial 
spasm to be so treated successfully. 


Fig. 2.—Lateral roentgenogram of same patient’s right elbow, three weeks after operative 


reduction. 


SUMMARY 


A ease of severe supracondylar fracture of the elbow in a child has been 
reported. The situation was further complicated by absence of the radial 
pulse and threat of Volkmann’s ischemic contracture. The circulatory em- 
barrassment was thought to have been due to mechanical compression of the 
brachial artery at the site of injury. Instead, there was found at operation a 
so-called arterial spasm of the brachial artery. The latter was relieved by 
injection of procaine solution into the median nerve which resulted in full 
restoration of the circulation in the affected extremity. This method of treat- 
ment is considered to be original and is suggested for similar cases of im- 
pending ischemia after satisfactory reduction, closed or open, has failed to 


produce a palpable arterial pulse at the wrist. 
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Recent Advances in Surgery 


CoNDUCTED BY ALFRED BLALOcK, M.D. 


THE HEALING AND FATE OF ARTERIAL GRAFTS 


Lester R. SauvaGeE, Caprain, MC, USAR,* anp Sigmunp A. WESOLOWSKI, 
CapTAIN, MC, USAR,** Wasuineton, D. C. 


(From the Division of Surgery, Army Medical Service Graduate School, Walter Reed 
Army Medical Center) 


HROUGH the study of experimental arterial grafts we have come to 

realize that to understand their healing is to understand their fate. We 
have observed the same pattern of healing in autografts, homografts, hetero- 
grafts, and Orlon tubes despite the fact that their end results varied widely. 
This variation is explainable on the basis of whether the cellular viability and 
fiber continuity of the original graft were maintained or not. If they were 
lost, the time at which this loss occurred was of the greatest importance in de- 
termining the gross morphologic fate of the graft. The objectives of this paper 
are first to present and comment upon the data of 230 experimental grafts 
which appear to be transferable to the human patient and second to consider 
certain aspects of reconstructive arterial surgery in light of these data. 


EXPERIMENTAL METHODS AND RESULTS 


The material of this paper consists of 230 grafts implanted in 170 animals 
(153 young pigs and 17 mature dogs). Of these grafts, 222 were tubes (197 
arterial, 8 venous, and 17 Orlon) used to span arterial gaps, 3 were segments of 
the host aorta from which the inner wall had been stripped out, and 5 were 
Orlon patches used to bridge musculofascial defects. 

Sterile precautions were observed in all phases of graft procurement, 
preparation, and implantation. The operative procedures were performed un- 
der Nembutal (intraperitoneal)—ether (endotracheal) anesthesia for the pigs 
and under Nembutal (intravenous) anesthesia for the dogs. 

The grafts implanted in the pigs averaged 6 em. in length. They were 
used to bridge defects of the upper descending thoracic aorta which had been 
made by exising segments averaging 5 em. in length. All anastomoses were 
performed with 5-0 silk placed as a continuous end-on coaptation stitch. The 

Received for publication Nov. 5, 1954. 

Upper end of graft is to the right in all figures of gross specimens in this paper. 

All photomicrographs of vascular grafts in this paper are of longitudinal sections with 


the inner surface at the top. 
*Present address, Department of Surgery, University of Washington, Seattle, Wash. 
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average time required for graft implantation was fourteen minutes. After 
measurements were taken, the graft was pleuralized and the chest closed. 
Anticoagulants were not employed. Antibiotics consisting of 300,000 units 
of procaine penicillin and 0.5 Gm. of streptomycin were administered intra- 
muscularly to all animals at the completion of surgery, but were not repeated 
postoperatively for the pigs, while they were administered once daily for the 
first five postoperative days to all dogs. A few days after operation the pigs 
were transferred to a farm and kept until they either died spontaneously or 


Fig. 1.—Representative fresh aortic autografts in thoracic aorta of growing pig. Upper 
and middle panels, respectively, show roentgenograph and photograph of a graft, 7.30 cm. 
long, inflated with air to 120 mm. Hg after 253 days’ implantation in aorta. Note absence of 
both calcification and dimensional disproportion in this graft. Lower panel shows photo- 
graph of open view of a different graft, 8.70 cm. long, after 200 days’ implantation in aorta. 
were slaughtered. At the time of slaughter most pigs had grown from their 
operative weight of about 35 pounds to approximately 300 pounds. At time 
of death the thoracic aorta was removed, cleaned, inflated to 120 mm. Hg with 
air, and measured. Then this specimen in sequence was roentgenographed, 
photographed, inspected, and sectioned for microseopie study by either the dry 


celloidin or the paraffin technique. 
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Calcification of the graft, based upon the percentage area of the wall 
involved, was graded as slight if under 5 per cent, as moderate if between 
5 and 20 per cent, and as severe if over 20 per cent. 


Fig. 2.—Photomicrograph of Weigert’s elastic tissue stain of a longitudinal celloidin 
section at X130 of a representative fresh aortic autograft implanted in the thoracic aorta of 
a growing pig for 195 days, showing the fiber framework of the normal aorta to have been 
maintained. Hematoxylin and eosin stains revealed the cellular viability of the graft to have 
been maintained as well. 

The vascular grafts in the dogs were implanted and studied in a similar 
manner to that described for the thoracic aorta grafts of the pigs. 

The 230 grafts in this study fall into fifteen different categories, which 


will now be considered individually. 


TABLE I. FRESH AORTIC AUTOGRAFTS IN THORACIC AORTA OF GROWING PIG 


LOSS OF LOSS OF 
TOTAL TRUE CELLULAR FIBER 
GRAFTS COMPLICATIONS GROWTH VIABILITY CONTINUITY 
Number 5 0 5 0 0 
Per cent of 100 0 100 0 0 


total 


1. Fresh Aortic Autografts—A fresh thoracic aorta autograft was fash- 
ioned in each of 5 young pigs which subsequently came to slaughter by free- 
ing, biterminally dividing, and then re-establishing aortic continuity by 
anastomosing the divided ends. Data of these grafts are in Table I. The 
grafts were implanted for an average period of 201 days, during which time 
the inerease in weight (33 to 307 pounds), aortic diameter, graft diameter, 
aortic length, graft length, and crown-rump length of the pigs averaged 830, 


= 
a 
—— 
4 
| 


Volume 38 RECENT ADVANCES IN SURGERY 1093 
82, 81, 77, 76, and 83 per cent, respectively. The gross and microscopic 
features of these grafts, shown in Figs. 1 and 2, reveal them to resemble the 
host aorta in all obvious respects. In brief, they were perfect grafts. 

2. Fresh Aortic Homografts—Standard (6 em. length) thoracie aorta 
homograft segments were removed, placed in saline solution, and within three 


Fig. 3.—Representative fresh aortic homograft in thoracic aorta of growing pig. Upper 
panel shows roentgenograph of a graft, 7.0 cm. long, inflated with diodrast after 244 days in 
aorta. Note the dimensional disproportion between graft and aorta. The middle panel shows 
roentgenograph of a graft, 7.7 cm. long, inflated with air to 120 mm. Hg after 288 days in 
aorta. Note the slight degree of calcification present. The lower panel shows photograph of 
open view of a graft, 6.5 cm. long, after 211 days in aorta. 


hours used to bridge aortic defects. Of 16 young pigs receiving such grafts 
in the thoracic aorta, 13 came to slaughter, while 3 died before that time, 2 
of pneumonia and 1 from eardiae failure. 

Only the grafts of the 13 pigs coming to slaughter will be considered 
further. Data of these grafts are in Table II. The grafts were implanted 
for an average period of 223 days, during which time the increase in weight 


4 
i 
| 
— 
: 
. 
q a 


1094 RECENT ADVANCES IN SURGERY Surgery 


December, 1955 


(39 to 309 pounds), aortie diameter, graft diameter, aortic length, graft length, 
and crown-rump length of the pigs averaged 692, 96, 15, 93, 24, and 69 per cent, 
respectively. The gross features of representative grafts are shown in Fig. 3. 

The dimensional increase of these grafts was similar to that of fresh 
thoracic aorta segments inflated from 120 to 600 mm. Hg (Fig. 4). A spatial 


Fig. 4.—This figure of serial roentgenographs shows the acute effect upon dimensions of 
inflating two fresh porcine thoracic aorta segments with air to pressures as indicated. The 
ee 5 these segments at 600 mm. Hg were approximately 20 per cent greater than 
a mm. Hg. 
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TABLE II, FRESH AORTIC HOMOGRAFTS IN THORACIC AORTA OF GROWING PIG 
COMING TO SLAUGHTER 


RUPTURE 


OR ANEU- LOSS OF | LOSS OF 
OCCLUSIVE RYSM SEVERE | CELLU- FIBER 
ToTAL | THROMBOSIS; RuE |cCONTRAC-| FORMA- | CALCIFI- | LAR VIA- | CONTI- 
GRAFTS | EARLY| LATE | GROWTH TURE TION CATION | BILITY NUITY 
Number 13 0 0 0 0 0 Zz 13 0 
Per cent of 100 0 0 0 0 0 8 100 0 


total 


rearrangement of the arterial fiber framework could account for dimensional 
changes of this magnitude (20 per cent). Fresh aortic homografts appear 
incapable of true growth. This seems at variance with the findings of Sauvage 
and Harkins (1953) that 1 to 3 em. length aortic homografts in the abdominal 
aorta of growing pigs increased in diameter but at a slower rate than the host 


Fig. 5.—The healing of aortic homografts as illustrated by photomicrographs of Weigert’s 
elastic tissue stains of longitudinal celloidin sections of representative fresh aortic homografts 
implanted in the thoracic aorta of growing pigs for an average of 234 days. Upper panel on 
left of lower anastomosis at X30 reveals host-graft junction to have been healed by ingrowth 
of fibrous elements of the aortic and periaortic tissues with extension of this tissue along the 
surface of the fiber framework of the graft as an inner layer. Middle panel on left of wall 
1 cm. from upper anastomosis at X30 shows the presence of a thick inner layer atop the 
condensed inner portion of the fiber framework of the original graft. Lower panel on left 
of wall 2 cm. from upper anastomosis at X45 shows the inner layer to be practically absent at 
this point. Single panel on right of central portion of graft at 130 shows the surface of the 
condensed, acellular inner portion of the fiber framework of the original graft to be without 
covering. 
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aorta. However, these findings are in general agreement. The present study 
of longer-length, larger-caliber grafts merely enables the actual results to be 


seen more clearly. 

The microscopic features of representative grafts are shown in Fig. 5. 
The original graft, although losing cellular viability, maintained gross fiber 
continuity and came to be incorporated by autogenous fibrous tissue. The 
healed graft thus consisted of an autogenous fibrous tissue tube with a foreign 
(homologous) protein fiber framework. The inner part of this framework 
was condensed and acellular, while its outer part was infiltrated by fibrous 
elements. The residual fiber framework of the original graft was covered 
internally by a fibrous tissue layer which thinned toward the middle and often 
was absent centrally. The inner and outer layers of the healed graft did not 
take the elastic tissue stain. However, the superficial portion of the fibrous 
tissue uniting the host and graft took the elastic tissue stain and appeared to 
originate from the aortic intima. The outer layer of the graft appeared to 
originate from the periarterial tissues, while its inner layer appeared to 
originate from both the fibrous tissue at the anastomotic site and the exten- 
sions of the outer coat growing in through the interstices of, or minute defects 
in, the fiber framework of the original graft. Calcification of the condensed, 
acellular portion of the fiber framework of the original graft occurred in 11 
of 13 grafts and was graded as slight in 8, as moderate in 2, and as severe in 
1 instance. 

The persistence of the fiber framework of the original graft in the ab- 
sence of cellular viability prevented significant dimensional changes of either 
a pathologie or a physiologic nature. Two grafts had unusual thinning of their 
fiber frameworks, and both showed moderate dilatation. 

It is of considerable interest that the condensed, acellular mass of homol- 
ogous elastic tissue w\ ch formed the inner portion of the homograft wall still 
possessed significant elasticity at time of slaughter. Removal of adherent 
host fibrous tissue was usually necessary in order to allow demonstration of 
this property. 

In summary, these grafts, although losing cellular viability, provided 
stable fiber frameworks for ingrowth of autogenous fibrous elements. They 
were neither subject to aneurysm formation nor able to respond to growth 
stimulation. Their incidence of calcification was high, but its degree was sel- 
dom severe. (The collective fate of these fresh homografts is superior to that 
of those frozen, dried, or frozen-dried homografts which are described, re- 
spectively, in sections 3, 4, and 5.) 


TABLE III. FRozEN AORTIC HOMOGRAFTS IN THORACIC AORTA OF GROWING PIG 


ANEU- LOSS OF | LOSS OF 
OCCLUSIVE RYSM SEVERE | CELLU- FIBER 
TOTAL | THROMBOSIS; ‘RUE | CONTRAC- FOR- CALCIFI- | LAR VIA- | CONTI- 
GRAFTS | EARLY| LATE | GROWTH TURE MATION | CATION | BILITY | NUITY 
Number 12 0 1 1 0 1 4 11 j 
Per cent of 100 0 8 8 0 8 33 92 8 


total 
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3. Frozen Aortic Homografts.—Standard fresh thoracic aorta homograft 
segments were placed in Pyrex tubes, frozen by immersion in dry ice—aleohol 
baths for one hour, and then rapidly thawed and used to bridge aortic defects. 
Of 12 young pigs receiving such grafts in their thoracic aorta, 11 came to 


Fig. 6.—Frozen aortic homografts in thoracic aorta of growing pig. Upper panel shows 
roentgenograph of a graft, 7.30 cm. long, inflated with Diodrast after 232 days in aorta. Note 
the dimensional disproportion between graft and aorta. The microscopic picture of this graft 
is shown in the upper panel of Fig. 7. Second panel shows roentgenograph of a graft, 11 cm. 
long, inflated with Diodrast after 173 days in aorta. Such enlargement of the graft is the 
exception rather than the rule. Note the microscopic picture of this graft in the lower panel 
of Fig. 7. Third panel shows roentgenograph of a graft, 6.20 cm. long, after 189 days in the 
aorta. This degree of calcification, classified as severe, developed in 4 of the 12 grafts in this 
series. Lower panel shows photograph of an opened graft, 7.80 cm. long, after 193 days 
= =. This exceptional graft survived both freezing and homotransplantation to remain a 
iving artery. 
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slaughter. Data of these grafts are in Table II. The grafts were implanted 
for an average period of 194 days, during which time the increase in weight 
(36 to 302 pounds), aortic diameter, graft diameter, aortic length, graft length, 
and crown-rump length of the pigs averaged 739, 106, 17, 88, 32, and 74 per 
cent, respectively. The gross features of four grafts are shown in Fig. 6. Note 
the marked difference in size of the two grafts inflated with Diodrast. The 
smaller has not increased in size, while the larger has. Fig. 7 reveals that the 
fiber framework of the smaller graft is intact, while that of the larger graft 
is undergoing loss of continuity. The fragmentation of the fiber framework 
of the latter graft is assumed to have allowed its wall to respond to the forces 


Fig. 7.—Photomicrographs of Weigert’s elastic tissue stains of longitudinal celloidin 
sections’ at X30 of the grafts shown, respectively, in the upper two panels of Fig. 6. Note 
that restriction of dimensional change is associated with intactness of the condensed, acellular 
inner portion of the fiber framework, while dimensional increase is correlated with fragmenta- 
tion of this portion of the fiber framework. 
acting upon it. Whether the resultant dimensional changes represent a pas- 
sive response to intraluminal pressure or an active response to growth stimuli 
is not known. Calcification occurred in 9 of the 12 grafts and was graded as 
slight in 3, as moderate in 2, and as severe in 4 instances. The 33 per cent in- 
cidence of severe calcification in these grafts contrasts with an 8 per cent in- 
cidence in the fresh grafts and indicates that freezing increases the liability 
of fresh thoracic aorta homografts to this complication. The statistical sig- 
nificance of the occurrence of 1 aneurysm in this series of 12 grafts is doubtful. 
The same applies to the 1 graft that maintained its histologic identity as an 
artery. This latter graft clearly indicates that freezing per se did not destroy 
either the cellular viability or the fiber continuity of the grafts. 

4. Dried Aortic Homografts——Standard fresh thoracic aorta homograft 
segments were placed in Pyrex specimen tubes and dried without preliminary 
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freezing by attachment to a diffusion pump—doublet-liquid nitrogen vacuum 
system similar to that described by Hufnagel, Rabil, and Reed (1954). Asa 
consequence of rapid evaporation, scattered areas of the vessels froze and 
subsequently dried by sublimation. The vessels were hermetically sealed off 
from the vacuum system after being run for an average period of ten hours, 


Fig. 8.—Dried aortic homografts in thoracic aorta of growing pig. Upper panel shows 
roentgenograph of a severely calcified graft, 8.00 cm. long, after 186 days in aorta. Such 
degenerative changes occurred in all 10 grafts of this series. Middle panel shows photograph 
of the open view of this rigid tube. Lower panel shows photograph of the aneurysmal graft 
in this series, 8.00 cm. long, inflated with air to 120 mm. Hg after 270 days in aorta. 


during the last three of which the vessels appeared completely dry. The 
processed segments were wizened, hard, thin-walled, and semitransparent. After 
an average storage period of nine days, they were hydrated in saline solu- 
tion and used to bridge aortic defects. About forty-five minutes of hydration 
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was required to render the vessels suitable for use as grafts. When hydrated, 
these segments were less elastic and tore easier than the normal aorta. How- 
ever, these deficiencies led to no difficulty in using them as grafts. Of 10 
young pigs receiving such grafts in their thoracie aorta, 9 came to slaughter 
and 1 died before that time. Data of these grafts are in Table 1V. Note that 
all grafts developed severe calcific changes and that 1 lost its fiber continuity 
and became aneurysmal. These gross features are seen in Fig. 8. The micro- 
scopic features of these grafts, apart from the heavier calcification of the 
acellular, condensed inner portion of the fiber framework of the original graft, 
were similar to those of the fresh homografts (Fig. 5). The increase in weight 
(36 to 332 pounds), aortic diameter, graft diameter, aortic length, graft length, 
and crown-rump length of the eight pigs coming to slaughter without 
aneurysms averaged 820, 110, 26, 98, 15, and 80 per cent, respectively. 


TABLE IV. Drrep AorTIC HOMOGRAFTS IN THORACIC AORTA OF GROWING PIG 


ANEU- 
OCCLUSIVE RYSM SEVERE LOSS OF 
TOTAL THROMBOSIS TRUE |CONTRAC- FOR- CALCIFI- FIBER 
GRAFTS | EARLY | LATE | GROWTH TURE MATION CATION CONTINUITY 
Number 10 0 0 0 0 1 10 1 
Per cent of 100 0 0 0 0 10 100 10 


total 


The fact that drying by evaporation denatures protein is well known. <Aec- 
cordingly, we expected that these grafts would show severe degenerative 
changes. However, its extent and degree were surprising. 

5. Frozen-dried Aortic Homografts—Standard fresh thoracie aorta homo- 
graft segments were placed in Pyrex specimen tubes, frozen by immersion 
in dry ice—aleohol baths, and then dried from the frozen state by attachment 
to the previously mentioned diffusion pump—doublet—liquid nitrogen vacuum 
system. The vessels were hermetically sealed off from the system after being 
run for an average period of ten hours, during the last three of which the 
vessels appeared completely dry. The processed segments were white, brit- 
tle, and of approximately the same wall thickness as the fresh vessel. In 


TABLE V. FROZEN-DRIED AORTIC HOMOGRAFTS IN THORACIC AORTA OF GROWING PIG 


ANEU- 
OCCLUSIVE RYSM SEVERE LOSS OF 
TOTAL THROMBOSIS TRUE |CONTRAC-|  FOR- CALCIFI- FIBER 
GRAFTS | EARLY | LATE | GROWTH TURE MATION CATION CONTINUITY 
Number 16 0 0 0 0 0 5 0 
Per cent of 100 0 0 0 0 0 31 0 


total 


order to determine accurately the drying conditions obtained under these ecir- 
cumstances, runs were performed with similar specimens in tubes having side- 
arms at specimen level, to which continuously recording Pirani gauges were 
attached. The absolute pressure at this level did not exceed 150 microns of 
mereury and at the termination of the run had been stable at or near 1 micron 
for three to four hours. The final moisture content of several specimens 
was determined by the ninety-six-hour phosphorus pentoxide vacuum desic- 
eator technique and found to be at or within a few hundredths of 1 per cent. 
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After an average storage period of seventy-five days, these frozen-dried 
aortic homografts were hydrated in saline solution and used to bridge aortic 
defects. About twenty-five minutes of hydration was required to render the 
vessels suitable for use as grafts. When hydrated, these segments had physical 
properties characteristic of the fresh state. Of 16 young pigs receiving such 
grafts in their thoracic aorta, 11 came to slaughter and 5 died before that time. 


Fig. 9.—A 152-day-old frozen-dried aortic homograft, 6.5 cm. long, in thoracic aorta of 
growing pig for 191 days. Upper and middle panels, respectively, show photograph and 
roentgenograph of this graft inflated with air to 120 mm. Hg. The calcification visible in the 
middle panel is classified as of moderate degree. Lower panel shows photograph of open view 


of this same graft. 


Data of these grafts are in Table V. Calcification occurred in 15 of 16 grafts 
and was graded as slight in 3, as moderate in 7, and as severe in 5 instances. 
The 5 pigs dying before slaughter survived an average of ninety-nine days 
after operation, while the remaining 11 pigs came to slaughter an average of 
218 days after operation. These latter pigs increased in weight (40 to 290 
pounds), aortic diameter, graft diameter, aortic length, graft length, and crown- 
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rump length an average of 625, 100, 24, 100, 27, and 69 per cent, respectively. 
The gross features of a representative graft are shown in Fig. 9. The incidence 
(31 per cent) of severe calcification developing in these grafts is similar to 
that (33 per cent) of the frozen grafts. This similarity indicates that the ad- 
ditional procedure of drying by sublimation did not increase the liability of 
frozen grafts to severe calcific change. Freezing by our method definitely 
increased the liability of fresh homografts to severe calcification (8 per cent 
as compared to 33 per cent). However, the deleterious effects of drying with- 
out prior freezing are amply demonstrated by the 100 per cent incidence of 
severe calcific change occurring in the dried homograft group. 


CENTIMETERS. 


Fig. 10.—Representative Tyrode’s and frozen-dried aortic homograft composite grafts 
in thoracic aorta of growing Pig. Upper panel shows photograph of a composite graft inflated 
with air to 120 mm. Hg after 231 days in aorta. Note the dimensional disproportion between 
the aorta and the graft. Lower panel shows roentgenograph of composite graft after 215 
days in aorta. Note the severe calcification in the lower (frozen-dried) portion of this graft. 


The histologic fate of these frozen-dried homografts, apart from their greater 
degree of calcific change, was very similar to that of the fresh homografts 
(Fig. 5). Neither frozen nor frozen-dried aortic homografts were as satis- 
factory as fresh aortic homografts in our studies. However, banks are essen- 
tial if homografts are to be available clinically. The frozen-dried artery bank 
represents an answer to a pressing storage problem and, as such, it constitutes 
a significant advance in the field of reconstructive arterial surgery. Sauvage, 
Wesolowski, and Pine (1955) have demonstrated that satisfactory frozen-dried 
arteries may be prepared by simple techniques with apparatus that is easily 
available to any community having need for an artery bank. 
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6. Tyrode’s and Frozen-dried Aortic Homograft Composite Grafts.—Stand- 
ard fresh thoracic aorta homograft segments were divided into halves, which 
were preserved for periods up to five days and then anastomosed to re-form 
the segments. These were then used to bridge aortic defects. The halves 
were preserved either by maintenance at 4° C. in Tyrode’s solution containing 
10 per cent homologous serum or by freeze-drying as previously described. 
Different halves of successive homograft segments were alternately preserved 
by these methods. Of 14 young pigs receiving such composite grafts in their 
thoracic aorta, 10 came to slaughter and 4 died within thirty days. Only the 
grafts of the pigs coming to slaughter will be considered further. These were 
implanted for an average period of 228 days, during which time the pigs in- 
creased in weight an average of 868 per cent (31 to 300 pounds). The dimen- 
sional changes. of this composite homograft group (Fig. 10) were similar to 
those of the other groups previously detailed. Data of these composite grafts 
are in Table VI. Note that in no instance did the frozen-dried segment of 
the composite graft show less calcification than the Tyrode’s segment, while in 
70 per cent of instances the frozen-dried segment showed more calcification. 
This latter circumstance is shown in Fig. 10. These data clearly indicate that 
our frozen-dried grafts had more ealcification than did grafts preserved for 
a few days in Tyrode’s solution. The data of the previous sections implicate 
freezing rather than sublimation as the factor responsible for this increased 
liability of frozen-dried grafts to calcific change. 


TABLE VI. TYRODE’S AND FROZEN-DRIED HOMOGRAFT COMPOSITE GRAFTS IN THORACIC AORTA 
OF GROWING PIG COMING TO SLAUGHTER 


CALCIFICATION IN FROZEN-DRIED SEG- 
MENT COMPARED TO TYRODE’S SEGMENT 


| TOTAL 


GRAFTS CLOSED OPEN LESS | SAME | MORE 
Number 10 3 7 0 3 ef 
Per cent of 100 30 70 0 30 70 


total 


On the basis of analytic data to be reported by Wesolowski, Sauvage, and 
Pine (1955) concerning the drying characteristics of several vacuum systems, 
including the one employed for these studies, we believe that the frozen grafts 
of this group were dried in an optimal manner. Our data regarding calcifica- 
tion speak against the opinion that frozen-dried arterial homografts are bet- 
ter than fresh arterial homografts; and, until frozen-dried grafts are shown to 
be superior to fresh grafts by carefully controlled comparisons using either our 
method or the alternate experiment method, we shall continue to regard these 
data as valid. We believe the fresh graft to be best and that study directed 
toward permanently maintaining the viability of homografts living at time 
of implantation will prove of more ultimate significance than will those dir- 
ected toward decreasing the antigenicity of homografts nonviable at implanta- 
tion. 

Sauvage and Harkins (1953) found the incidence of calcification of pre- 
served (Tyrode’s solution) short-length aortic homografts in the abdominal 
aorta of the growing pig to be low and uninfluenced by periods of preservation 
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from one to 120 days. Older grafts were not studied. Our data do not allow 
comment as to whether the same results would obtain in the thoracic aorta. 
The work of Kanar and associates (1954) suggests that they would not. How- 
ever, on the basis of our data, we recommend that if a patient who may need 
an arterial graft is to be operated upon within a few days after sterile arterial 
segments have been procured, these segments should be preserved in Tyrode’s 
solution until the operation and then used as grafts if needed. If there is not 


Fig. 11.—Photomicrographs of Weigert’s elastic tissue stains of celloidin sections at 30 
across the intergraft anastomoses of two Tyrode’s and frozen-dried aortic homograft composite 
grafts in thoracic aorta of growing pig. Upper panel shows intergraft anastomosis after 
thirty days in aorta. The frozen-dried graft is to the left. Note the ingrowth of fibrous 
elements through the anastomotic junction. Lower panel shows intergraft anastomosis after 
246 days in aorta. The frozen-dried graft is to the right. Although the outer coat of fibrous 
tissue has been dissected away, the anastomotic junction can be seen to be firmly united by 
ingrowth of fibrous elements of the periarterial tissues. 


an early need for grafts or if these segments are not used after having been 
kept for a few days in the fluid medium, our policy is to freeze-dry them 
(Sauvage, Wesolowski, and Pine, 1955). 

The microscopic features of both components of these composite grafts 
closely resembled those of fresh homografts (Fig. 5) except for the heavy eal- 
cification in the acellular, condensed elastic tissue remnant of the frozen-dried 
graft. The intergraft anastomoses were distinguished from the adjacent por- 
tion of each graft by the presence of an inner layer which was continuous with 
the periarterial tissues through the medium of the fibrous tissue stock uniting 
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H Fig. 12.—Representative fresh canine aortic heterografts in thoracic aorta of growing 
pig. Upper panel shows photograph of open view of an aneurysm which ruptured 134 days 
after graft implantation. Middle and lower panels show photographs of inflated (with air to 
120 mm. Hg) and open views of a graft after 287 days in aorta. The microscopic picture of 
this latter graft is shown in Fig. 13. 
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the graft ends. The inner layer extended from the anastomotic site along the 
surface of the grafts but thinned rapidly to disappear within a few milli- 
meters. These microscopic features are shown in Fig. 11. The fibrous tissue 
at the intergraft anastomosis differed from that at the host-graft anastomoses 
by the absence of elements taking the elastic tissue stain. The elastic tissue 
remnant of the original graft had an inner layer at and adjacent to any area 
where the fibrous elements of the host could make their way to the surface. 
This occurred at the host-graft and intergraft anastomoses and at those sites 
along the graft where its original fiber framework remained pervious to the 
ingrowth of fibrous elements or became so subsequently. 


TABLE VII. FRESH CANINE AORTIC HETEROGRAFTS IN THORACIC AORTA OF GROWING PIG 


4 J 4 
PIGS TO SLAUGHTER 
OF RUP. WITHOUT ANEURYSM | [Loss OF FIBER 
TOTAL TURED WITH THROM- | CELLULAR | CONTI- 
GRAFTS |ANEURYSM|ANEURYSM| OPEN BOSED | VIABILITY | NUITY 
Number 10 5 1 4 0 10 10 
Per cent of 100 50 10 40 0 100 100 


total 


7. Fresh Canine Aortic Heterografts—These segments were prepared in 
the same manner as the fresh aortic homografts. Of 10 young pigs receiving 
such grafts in their thoracic aorta, 5 died of ruptured aneurysms and 5 came 
to slaughter after an average period of eighty-four and 266 days, respectively. 
Data of these grafts are in Table VII. Note that while 6 of 10 grafts formed 
aneurysms (5 of which ruptured!), only 1 of the 5 coming to slaughter formed 
an aneurysm. The gross features of representative grafts are shown in Iig. 12. 


Fig. 13.—Photomicrographs of Weigert’s elastic tissue stain of longitudinal celloidin 
section at X30 of the fresh canine aortic heterograft shown in the lower two panels of Fig. 12. 
Note the complete absence of elastic tissue. Apparently, the autogenous fibrous tissue in- 
growth had attained sufficient strength to resist adequately the intraluminal pressure by the 
time the continuity of the fiber framework of the original graft was lost. 


The 5 pigs coming to slaughter increased in weight (28 to 306 pounds), 
aortic diameter, graft diameter, aortic length, graft length, and crown-rump 
length an average of 993, 107, 170, 95, 60, and 99 per cent, respectively. The 
dimensional increase of the four grafts coming to slaughter without aneurys- 
mal change was similar to that of the aorta. 
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The microscopic features of a representative graft are shown in Fig. 13. 
The original graft lost both its cellular viability and gross fiber continuity. 
Indeed, only calcified fragments of elastic tissue were found in 4 of the 5 grafts 
coming to slaughter. The original graft had, in effect, been entirely replaced 
by autogenous fibrous tissue. The healing pattern of these heterografts ap- 
peared to be that of the homografts adapted to the breakdown of the fiber 
framework of the original graft. 

In summary, the consistent breakdown of the structure of these grafts 
often led to aneurysm formation and rupture. However, in some instances 
the autogenous fibrous tissue replacement formed a stable conduit. 

8. Frozen-dried Canine Aortic Heterografts—These segments were pre- 
pared in the same manner as the frozen-dried homografts. Of 12 young pigs 
receiving such grafts in their thoracie aorta, 2 died with aneurysms at twenty- 
nine and sixty-two days after operation, respectively, and 10 came to 
slaughter after an average of 231 days, with a weight gain averaging 850 
per cent (30 to 285 pounds). Data of these grafts are in Table VIII. Note 
that only 3 of 12 grafts became aneurysmal, as compared to 6 of 10 in the fresh 
canine heterograft group. Also, in contrast to the patency of all 5 of the 
fresh canine heterografts coming to slaughter, 4 of 9 (44 per cent) of the 
frozen-dried grafts were completely thrombosed at slaughter. Thus, the com- 
bined incidence of thrombosis and aneurysm formation in the frozen-dried 
group (7 of 12 or 58 per cent) is similar to the incidence of aneurysm forma- 
tion in the fresh group (6 of 10 or 60 per cent). The gross features of 4 
frozen-dried canine heterografts are shown in Fig. 14. 


TABLE VIII. FROZEN-DRIED CANINE AORTIC HETEROGRAFTS IN THORACIC AORTA 
OF GROWING PIG 


PIGS COMING TO SLAUGHTER 
PIGS DYING WITHOUT ANEURYSM LOSS OF 
TOTAL WITH ANEU- WITH THROM- FIBER CON- 
GRAFTS RYSM ANEURYSM OPEN BOSED TINUITY 
Number 12 2 1 is 4 Fie | 
Per cent of 100 17 8 42 33 92 
total 


Microscopically, the pattern of healing in these grafts was the same as 
that previously described for the other types of grafts. Although fiber con- 
tinuity was lost in 11 of 12 grafts, the disappearance of elastic tissue was rela- 
tively complete in only 1 instanee. This is in marked contrasteto the nearly 
complete disappearance of elastic tissue which occurred in the fresh canine 
heterografts. Freeze-dry processing appeared to increase the resistance of the 
canine aortic heterograft to fragmentation and subsequent absorption by the 
host. The relative infrequency of aneurysm formation in these grafts suggests 
that the loss of fiber continuity of most grafts occurred after the autogenous 
fibrous tissue ingrowth had attained considerable strength. Fiber frame- 
work degeneration at such a time could account for the high incidence of de- 
layed thrombosis seen in this group. The microscopic appearance of fiber 
frameworks in different stages of disintegration are shown in Fig. 15. 
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Fig. 14.—Frozen-dried aortic heterografts in thoracic aorta of growing pig showing the di- 
verse gross morphologic fates of these grafts. Upper panel shows photograph of open view of an 
aneurysm, 9 cm. long, which ruptured thirty-two days after graft implantation. Second panel 
shows photograph of open view of a moderate-sized aneurysm, 10.0 cm. long, developing in a 
graft implanted in aorta for 186 days. Third panel shows roentgenograph of a graft, 6.0 cm. 
long, after 241 days in aorta which had undergone delayed thrombosis. Note the proximal 
and distal extensions of the thrombus toward the nearest collateral vessels. Lower panel 
shows photograph of open graft, 7.0 cm. long, after 231 days in aorta. The fiber framework 
of this graft has been maintained (Fig. 15), while those of the preceding 3 grafts in this 
illustration have not. 
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Fig. 15.—Photomicrographs of Weigert’s elastic tissue stains of longitudinal celloidin 
sections showing the diverse microscopic fates of frozen-dried canine aortic heterografts in 
the thoracic aorta of growing pig. Upper panel shows fiber framework at X80 of central 
portion of graft shown in lower panel of Fig. 14. Note that the fiber framework of this graft 
has, for the most part, retained its continuity. Middle panel shows fiber framework at X110 
of graft, 6.2 cm. long, after 197 days in aorta in which delayed fragmentation has occurred. 
This graft underwent neither aneurysmal change nor delayed thrombosis. However, four 
other grafts showing this change were thrombosed at slaughter. Lower panel shows wall at 
X30 of central portion of the graft shown in the second panel of Fig. 14. The fiber frame- 
work of the original graft has disappeared, leaving only autogenous fibrous tissue, 
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9. Tyrode’s and Frozen-dried Canine Aortic Heterograft Composite 
Grafts—These composite grafts are entirely analogous to the Tyrode’s and 
frozen-dried aortic homograft composite grafts. Of 11 young pigs receiving such 
grafts in their thoracie aorta, 2 developed aneurysms in both components of the 
composite graft and died of rupture of the frozen-dried portion at forty-three 
and forty-nine days after operation, respectively. The remaining 9 pigs came 
to slaughter after an average of 247 days, with a weight gain averaging 703 
per cent (37 to 297 pounds). Data regarding aneurysm formation and loss 
of fiber continuity in the 2 components of the 11 composite grafts are in Table 


Fig. 16.—Representative Tyrode’s and frozen-dried canine aortic heterograft composite 
grafts in thoracic aorta of growing pig. Upper panel shows photograph of open view of i1 
em. long aneurysm, the frozen-dried portion of which ruptured forty-three days after graft 
implantation. Middle panel shows roentgenograph of composite graft, 10.7 cm. long, after 
219 days in aorta. The frozen-dried portion is to the left. Note the diffuse calcification in 
both components of this composite graft. Lower panel shows photograph of open view of 
graft, 8.3 cm. long, after 238 days in aorta. The frozen-dried portion is to the left. 
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IX. Freeze-dry processing did not improve the fate of the canine aortic 
heterograft. The gross features of 3 composite grafts are shown in Fig. 16. 
The microscopic features of both components of these composite grafts were 
the same, with loss of elastic tissue being complete or nearly so in all but 1 
instance. In this respect, these grafts resembled fresh canine heterografts 
more than they did frozen-dried canine heterografts. 


TABLE IX. TYRODE’S AND FROZEN-DRIED CANINE AORTIC HETEROGRAFT COMPOSITE GRAFTS IN 
THORACIC AORTA OF GROWING PIG 


ANEURYSM FORMATION IN | LOSS OF FIBER CONTINUITY IN 
ONLY ONLY ONLY 
NEI- TY- FROZEN- ONLY FROZEN- 
TOTAL | BOTH THER | RODE’S| DRIED BOTH NEITHER | TYRODE’S| DRIED 
|GRAFTS | GRAFTS| GRAFT | GRAFT | GRAFT GRAFTS GRAFT GRAFT GRAFT 
Number 11 z 7 1 1 10 1 0 0 
Percent of 100 18 64 9 9 91 9 0 0 


total 


10. Fresh Aortic Homograft—Canine Aortic Heterograft Composite Grafts.— 
Three centimeter length fresh aortic homograft and canine aortic heterograft 
segments were anastomosed to form standard 6 em. length composite grafts, 
with the position of the segments being alternated in successive grafts. Of 11 
young pigs receiving such grafts in their thoracic aorta, 6 died of heterograft 
aneurysms (5 of rupture and 1 of inanition due to esophageal compression) 
an average of thirty-two days after operation, and 5 came to slaughter after 


pig. The heterograft component is to the right. Its aneurysmal character contrasts with 
the stability of the homograft wall. 


an average of 229 days with a weight gain averaging 856 per cent (32 to 306 
pounds). Data regarding aneurysm formation and loss of fiber continuity in 
the two components of the 11 composite grafts are in Table X. The absence 
of aneurysm formation in the homografts contrasts with its 73 per cent in- 
cidence in the heterografts. Also, the maintenance of fiber continuity in all 


Fig. 17.—Photograph of representative fresh aortic homograft—canine aortic heterograft ee: 
composite graft inflated with air to 120 mm. Hg after 255 days in thoracic aorta of growing 
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homografts contrasts with its loss in all heterografts. Two of the 5 grafts 
coming to slaughter showed aneurysms in their heterograft components. One 


of these grafts is shown in Fig. 17. The histologic findings in these 11 com- 
posite grafts were the same as those previously described for their 2 com- 


ponents. 


TABLE X. FRESH AORTIC HOMOGRAFT—CANINE AORTIC HETEROGRAFT COMPOSITE GRAFTS IN 
THORACIC AORTA OF GROWING PIG 


ANEURYSM FORMATION IN LOSS OF FIBER CONTINUITY IN 
ONLY ONLY ONLY ONLY 
TOTAL BOTH |NEITHER| HOMO- | HETERO- BOTH NEITHER | HOMO- HETERO- 
GRAFTS | GRAFTS| GRAFT | GRAFT GRAFT GRAFTS GRAFT GRAFT GRAFT 


Number 11 0 3 0 8 0 0 0 11 
Per cent 100 0 27 0 73 0 0 0 100 
of total 


11. Frozen-dried Aortic Homograft—Canine Aortic Heterograft Composite 
Grafts—Three centimeter length fresh aortic homograft and canine aortic 
heterograft segments were frozen-dried by the previously described technique, 
stored an average of thirty-seven days, then hydrated in saline solution and 
anastomosed to form standard 6 em. length composite grafts, with the position 
of the segments being alternated in successive grafts. Of 12 young pigs re- 
ceiving such grafts in their thoracic aorta, 5 came to slaughter an average 
of 242 days after operation, with weight gain averaging 771 per cent (54 to 
296 pounds), and 7 died spontaneously after an average of 105 days. Data 
regarding aneurysm formation and loss of fiber continuity in the 2 components 


TABLE XI. FROZEN-DRIED AORTIC HOMOGRAFT—CANINE AORTIC HETEROGRAFT COMPOSITE 
GRAFTS IN THORACIC AORTA OF GROWING PIG 


ANEURYSM FORMATION IN LOSS OF FIBER CONTINUITY IN 
ONLY | ONLY ONLY ONLY 
TOTAL BOTH |NEITHER| HOMO- |HETERO-| BOTH NEITHER | HOMO. | HETERO- 
GRAFTS | GRAFTS} GRAFT | GRAFT | GRAFT GRAFTS GRAFT GRAFT GRAFT 
Number 12 0 7 0 5 0 2 0 10 
Per cent 100 0 58 0 42 0 iy 0 83 
of total 


of the 12 composite grafts are in Table XI. Five of the 7 pigs that died spon- 
taneously had heterograft aneurysms (4 ruptured and 1 obstructed, Fig. 18), 
while none of the 5 that were slaughtered had aneurysms, but 2 were throm- 
bosed. The absence of aneurysm formation in the homografts contrasts with 
its 42 per cent incidence in the heterografts. Also, the maintenance of fiber 
continuity in all the homografts contrasts with its loss in 83 per cent of the 
heterografts. The histologic findings in these 12 composite grafts were the 
same as those previously described for their 2 components. 


12. Frozen-dried Human Arterial Heterografts—Good frozen-dried human 
arterial segments were withdrawn from our clinical bank and used as hetero- 
grafts to bridge aortic defects. These segments had been procured, prepared, 
and processed in the manner previously described for the frozen-dried porcine 
and canine aortic segments. These human arterial heterografts had been 
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TABLE XII. FROZEN-DRIED HUMAN ARTERIAL HETEROGRAFTS IN THORACIC AORTA OF 
GROWING PIG 


PIGS DYING PIGS COMING TO SLAUGHTER WITH 
OF GRAFTS OPEN LOSS OF 
TOTAL RUPTURED WITH WITHOUT GRAFTS FIBER 
GRAFTS ANEURYSM ANEURYSM ANEURYSM CLOSED CONTINUITY 
Number 12 3 3 5 1 12 
Per cent of total 100 25 25 42 8 100 


stored for an average period of forty-one days and varied in length from 2 to 
6 ecm. Of 12 young pigs receiving such grafts in their thoracie aorta, 3 died 
of ruptured aneurysms and 9 came to slaughter after an average period of 
thirty-nine and 241 days, respectively. Data of these grafts are in Table XII. 
The average weight gain (36 to 307 pounds) of the slaughtered pigs was 753 
per cent. The gross morphologic fates of these grafts varied greatly, as shown 
in Fig. 19. 


Upper, 


Fig. 18.—Photograph of open view of frozen-dried aortic homograft-—canine aortic hetero- 
graft composite graft in thoracic aorta of growing pig for 254 days. The heterograft com- 
ponent is to the right. The pig died spontaneously of cardiac failure subsequent to obstruction 
of blood flow through the intergraft anastomosis by the ball valve action of the pedunculated 
thrombus arising from the wall of the small heterograft aneurysm. 


The histologic findings were similar in all grafts with, as shown in Fig. 20, 
loss of fiber framework continuity and replacement by autogenous fibrous tis- 
sue being characteristic. This healing pattern is the same as that observed in 
the fresh and frozen-dried canine aortic heterografts. 

Our results indicate that frozen-dried human arterial heterografts in the 
pig thoracic aorta are unreliable, as 6 (50 per cent) formed aneurysms and 3 
of these ruptured. Of the 3 aneurysms coming to slaughter, 2 had deeply 
eroded into adjacent vertebrae. Frozen-dried porcine arterial heterografts 
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Fig. 19.—Representative frozen-dried human arterial heterografts in thoracic aorta of 
growing pig. Upper panel shows photograph of a graft, 3.60 cm. long, inflated with air to 
120 mm. Hg after 210 days in aorta. Despite Joss of fiber framework of the original graft, 
the autogenous fibrous tissue wall was sufficiently strong to resist successfully the dilative ef- 
fect of the blood pressure. Middle panel shows roentgenograph of an aneurysm measuring 
12 by 6.3 cm. which developed in 232 days from a graft measuring 5 by 0.9 cm. This aneurysm 
had eroded deeply into several thoracic vertebrae. Its autogenous fibrous tissue wall, in the 
absence of the fiber framework of the original graft, was not able to resist the dilative effect 
of the intraluminal pressure. Lower panel shows photograph of open view of an aneurysm 
measuring 5.7 by 5.6 cm. which developed in 230 days from a graft measuring 2.0 by 1.3 
em. This aneurysm, like the preceding one, had eroded deeply into the adjacent thoracic 
vertebrae. Note the smooth, shiny character of its inner lining. 
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in the human aorta would probably have similar fates. The observations of 
Hufnagel, Rabil, and Reed (1954) regarding ethylene oxide-treated frozen- 
dried porcine arterial heterografis in the peripheral arteries of man do not of 
necessity pertain to the aorta. Wesolowski and Sauvage (1955) observed that 
the fates of fresh and ethylene oxide-treated frozen-dried porcine aortic 
heterografts were similar in both the thoracic and abdominal aorta of the 
dog. Creech and associaes (1954) have observed both frozen-dried and 
formalinized porcine arterial segments to be unreliable grafts in the dog’s 


arterial system. 


Fig. 20.—Photomicrograph at X40 of hematoxylin and eosin stain of longitudinal celloidin 
section of the aneurysm shown in the lower panel of Fig. 19. The disintegration of the fiber 
framework of the original graft with ingrowth of autogenous fibrous elements through the 
defect to form an inner layer is apparent. 


13. Orlon Cloth Studies.—Single (overlap) seam tubes of heavy weight 
(drapery-type) 100 per cent Orlon cloth,* having a mesh size of 55 by 90 mi- 
erons, were hand-sewn by the technique shown in Fig. 21, while single- and 
double- (lateral) seam tubes, and patches of lightweight (lining-type) 100 per 
eent Orlon cloth** having a similar mesh size were machine-sewn. The hand- 
sewn tubes were sterilized by eighteen hours’ immersion in a 1:1,000 solution of 
aqueous Zephiran, while the machine-sewn tubes and patches were sterilized 
by boiling. The hand-sewn tubes were implanted into defects (12) of the 
thoracic aorta of 12 young pigs, while the machine-sewn prostheses were im- 


*Cloth made, up of twisted strands having thread width of 170 microns per warp and 


350 microns per filter. 
**Cloth made up of twisted strands having thread width of 200 microns per warp and 


250 microns per filter. 
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planted into defects (10) of the aortic arch (2), abdominal aorta (3), abdom- 
inal wall (2), and left diaphragm (3) of 6 mature dogs. The aortic grafts in 
the chest were implanted with a continuous whip stitch of 5-0 silk, the aortic 
grafts in the abdomen by interrupted everting mattress stitches of 5-0 silk, and 
the abdominal wall and diaphragmatic grafts with interrupted stitches of 0 
silk. Excessive blood loss through the mesh of the Orlon tubes implanted in 
the aorta was prevented by removing the lower clamp just long enough to trap 
blood within the graft and then reapplying this clamp for one or two minutes. 
With removal of both clamps at the end of this period, oozing of blood through 
the mesh of the cloth either did not oceur or was small in amount and easily 
controllable. 
FABRICATION OF ORLON TUBE 


ONE EDGE TURNED BACK SELVEDGE TURNED IN 
— 
aA A / 


Fig. 21.—Method used for fabrication of aeoe ata implanted into thoracic aorta of growing 

Of the 12 young pigs receiving single-seam Orlon tubes in the thoracie 
aorta, 1 died with stenosis of the distal graft 154 days after implantation and 
11 came to slaughter an average of 188 days after implantation. Data of these 
grafts are in Table XIII. Note that the Orlon cloth developed transverse 
wrinkles and that calcification occurred along its inner surface in all grafts. 


TABLE XIII. ORLON TUBES IN THORACIC AORTA OF GROWING PIG 


TRANSVERSE CALCIFICATION 
WRINKLING AND| ALONG INNER 


TOTAL | SHORTENING OF ASPECTS OF GOOD 
GRAFTS GRAFT ORLON RESULT | STENOSIS | OCCLUSION 
Number 12 12 Le 6 4 2 
Per cent of total 100 100 100 50 33 17 


The gross features of 3 grafts are shown in Fig. 22. The 11 pigs coming to 
slaughter increased in weight (45 to 246 pounds), aortic length, aortie di- 
ameter, and crown-rump length an average of 463, 65, 78, and 60 per cent, 
respectively, while their Orlon grafts decreased in length an average of 13 
per cent and in lumen diameter to the extent of double the thickness of the 
layer of fibrous tissue which came to line them. The thickness of this inner 
layer varied from 0.5 to 2.0 mm. in different grafts. 

The histologic findings (Fig. 23) were similar in all grafts, with the in- 
growth of fibrous elements of the outer layer through the mesh of the Orlon 
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Fig. 22.—Representative 6 cm. length Orlon tubes in thoracic aorta of growing pig. 
Upper panel shows roentgenograph of a tube inflated with Diodrast after 203 days in aorta. 
Note its tortuous, attenuated lumen and the severe wrinkling of the cloth, as outlined by the 
calcification along its inner surface. Second panel shows roentgenograph of a tube inflated 
with air to 120 mm. Hg after 179 days in aorta. Note the degree of calcification present along 
the inner surface of the Orlon. Third panel shows roentgenograph of a tube inflated with air 
to 120 mm. Hg after 204 days in aorta. Little calcification has occurred along the inner 
surface of the cloth of this tube. Lower panel shows photograph of open view of this same 
tube. Note the smooth, shiny character of its inner surface. 
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the tubes and of hematoxylin and eosin stain of longitudinal celloidin section of wall of Orlon 
Upper panel 


tube after 137 days in thoracic aorta of pig growing from 40 to 290 pounds. 

shows surface of cloth at x25. (reduced 4%). Second panel shows wall of Orlon tube at the 

same magnification and reduction. Note the wrinkling of the cloth and the ingrowth through 

its mesh. Third panel shows surface of Orlon cloth at X125 (reduced 1%). Lower panel shows 

region of tube wall delineated in second panel at X125 (reduced 4%). The growth of fibrous 

— , rane the mesh is apparent. Note the similarity of fiber and mesh size in panels 
an 


Fig. 22.—Photomicrographs of surface of longitudinal section of Orlon cloth as it lay in 
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cloth to form a thick, grayish white inner layer being characteristic. The 
degree of wrinkling of the cloth and extent of calcification along its inner sur- 
face varied from slight to severe in different grafts. Foreign-body giant- 
cell reaction was not seen, and its absence is considered to reflect the inertness 
of the Orlon cloth employed in these studies. 

No wrinkles were present in the Orlon tubes at implantation, as they were 
placed under considerable tension. The reasons for the development of 
wrinkles in and calcification adjacent to the Orlon cloth are not apparent. 
There was no actual shortening of the cloth for, when removed from the fibrous 
tissue wall, its original length was easily regained by ironing out the wrinkles. 
This suggests that contracture of the fibrous tissue wall was responsible for 
the wrinkling. If this be so, whether or not such contracture was stimulated 
by the Orlon is a matter for conjecture. The calcification along the inner 
surface of the Orlon suggests that the nutrition in this region was deficient. 
The absence of aneurysm formation in all grafts despite severe stress over com- 
paratively long periods attests to the strength and stability of the Orlon fiber 
framework. The tensile strength of the Orlon was, by gross testing, the same 
at slaughter as at implantation. 

Wesolowski and Sauvage (1955) have observed that straight tubes pre- 
pared from the heavy-type Orlon cloth functioned satisfactorily in the dog’s 
thoracic aorta, while Y tubes of this same cloth used to replace the aortic 
bifureation did not, due to delayed ‘‘wrinkle’’ obstruction. Curves, branches, 
small caliber, or use in arteries subjected to angulation increase the possibility 
of failure of Orlon mesh prostheses due to thrombotic or ‘‘wrinkle’’-type ob- 
struction. The problem of kinking was clearly demonstrated in each of 2 
normothermic dogs, whose entire aortic arch was resected and replaced with a 
lightweight Orlon mesh prosthesis. One dog survived twenty minutes and 
the other forty-eight hours after graft implantation before dying of eardiac 
failure secondary to graft obstruction by kinking in regions of angulation. 

The grafts in the thoracic aorta of the pig were implanted using a con- 
tinuous whip stitch in order to decrease the duration of circulatory interrup- 
tion. Subsequent autopsy examination revealed that end-on coaptation had 
not been uniformly achieved, as the Orlon had occasionally invaginated into 
the aorta. At the upper anastomosis this led to the formation of blind pockets 
extending along the outer aspect of 3 of the tubes. Subsequently, we bridged 
defects of the abdominal aorta of 3 dogs with 6 em. length lightweight Orlon 
tubes that were joined to the aorta with interrupted everting mattress sutures 
of 5-0 silk. Although taking longer than the whip stitch, excellent approxima- 
tion and subsequent healing were attained. Accordingly, we advise that the 
upper anastomosis should be everted when time, exposure, and the condition 
of the recipient artery render this feasible. We found the lightweight Orlon 
tubes utilized in the canine studies easier to suture than the heavier tubes 
employed in the porcine experiments. Thus, for technical reasons we recom- 
mend that tubes should be fabricated from the lighter weights of Orlon cloth. 

Two full-thickness (excluding skin) defects, over 100 sq. em. in size, of 
the abdominal wall and 3 similar-sized defects of the left diaphragm were 
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surgically created in dogs and then bridged with patches consisting of a single 
layer of lightweight Orlon cloth with cuffed-back edges. The 3 dogs with the 
diaphragmatic patches were sacrificed at two, four, and eight weeks, re- 
spectively, while the 2 dogs with the abdominal wall patches were sacrificed 
at four and seventeen weeks after operation, respectively. The repair sites 
were sound in each instance. The Orlon patches had remained attached to the 
wound edges despite the severe stress to which they had been subjected. 
None of these 5 wounds showed evidence of infection. The abdominal wall 
Orlon developed many wrinkles despite being placed under extreme tension 
and became covered externally by a thick layer of fibrous tissue that was 
continuous through the mesh with a thin inner layer of fibrous tissue to which 
omentum or loops of bowel were adherent. The diaphragmatic Orlon de- 
veloped few wrinkles and rapidly became enveloped by fibrous tissue that was 
continuous through the mesh of the cloth (Fig. 24). The entire inferior 
surface of each of the 3 patches was adherent to the underlying stomach and 
liver, in contrast to the superior surface, which was free over its entire area 
except for a small region of adherence to the lung in 1 instance. Thus, the 
serosa of the stomach and liver appears to have been the main source from 
which fibrous elements proliferated to envelop the diaphragmatic patches. 
Each patch looked excellent at sacrifice, even the two-week specimen being 
completely enveloped by fibrous tissue. This rapidity of healing and excellence 
of results suggest that the stomach and liver are ideal beds upon which to lay 
such a prosthesis. 

With respect to the usefulness of Orlon fabrie as a prosthesis in the repair 
of musculofascial defects, the observations of Sanford, Riley, and Sauvage 
(1955) seem pertinent. These investigators observed Orlon fabric to predispose 
to the development of chronie infection following standardized contamination 
of the wound, while Tantalum mesh, employed under similar conditions did 
not. Thus, Orlon fabrie appears inferior to Tantalum mesh as a prosthesis 
for repair of musculofascial defects in the presence of wound contamination. 


We (1955) have observed tubes of heavy-type Orlon cloth implanted in 
the thoracic inferior vena cava of the growing pig to become either severely 
contracted or completely obliterated. This complication is probably due to the 
inability of the venous pressure to prevent progressive contracture of the 
fibrous tissue encasement of the Orlon tube from occurring. This suggests 
that Orlon cloth prostheses are suitable for use only in the high-pressure ar- 
terial circuit or in areas where contracture of the prosthesis will not be harm- 
ful, as in musculofascial defects. 

In summary, our studies of Orlon prostheses in different biologie environ- 
ments suggest that (1) these prostheses are well tolerated by the host, (2) 
fibrous elements of the surrounding tissues proliferate to encapsulate the 
prostheses by an outer layer from which ingrowth through the interstices oc- 
eurs to form an inner layer, and (3) the pattern of healing leading to the 
fibrous tissue envelopment of Orlon tubes employed to span aortie gaps ap- 
pears to be the same as that of Orlon patches employed to bridge musculo- 


fascial defects. 
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Fig. 24.—Photomicrograph at X100 of hematoxylin and eosin stain of paraffin section of 
Orlon patch twenty-eight days after use as graft to bridge canine diaphragmatic defect. The 
stomach was adherent to the inferior surface of this section, while the superior surface was 
free. Note the ingrowth of fibrous tissue through the mesh of the cloth. 


Fig. 25.—Twelve-month arteriogram of 6 cm. ae fresh venous autograft in canine femoral 
artery. 
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14. Fresh Autogenous Femoral Vein Grafts—Six centimeter length seg- 
ments of the femoral vein were resected, reversed, and used to bridge defects 
of the concomitant femoral artery. Of 8 mature dogs receiving such grafts, 
7 remained patent. These latter were observed for an average period of one 
year, during which time moderate, but not progressive, dilatation of 4 occurred 
as revealed by serial arteriograms at six and twelve months. The twelve- 
month arteriogram of a graft is shown in Fig. 25. At sacrifice these 7 grafts 
were thickened and tightly bound to and supported by the surrounding mus- 
culofascial tissues. However, their valves were intact, thin, mobile, and his- 
tologically normal. These findings (Fig. 26) indicate that the autogenous vein 
wall persisted as a viable, anatomically intact structure. 


Fig. 26.—Photomicrograph at X100 of Weigert’s elastic tissue stain of longitudinal 
paraffn section across valve site of fresh venous autograft in canine femoral artery for 382 
days. Note that the valve has remained a thin, anatomically intact structure. 


The degree of dilatation observed in these grafts was not consequential. 
Hughes and Jahnke (1954), of the Walter Reed Army Medical Center, have 
not observed autogenous saphenous vein grafts in major peripheral arteries 
to dilate in a series of 40 patients followed from one to four years. These 
data confirm the dictum that aneurysmal dilatation of autogenous veins im- 
planted in arteries does not occur in regions providing good musculofascial 
support to the grafts. Regarding the need of the military for means of blood 
vessel replacement in the extremities as a result of trauma, one may state that 
the readily available, muscular, autogenous saphenous vein answers this need 
satisfactorily in the vast majority of instances. 
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15. Healing of Homografts and Host Aorta Following Removal of Inner 
Wall.—The healing of the inner wall of 6 frozen-dried (average age of 191 
days) and 2 fresh aortic homografts was studied by the following method in 
6 dogs. Prior to implantation, these 8 homograft segments were turned inside 
out and the inner third of their wall removed to within 5 mm. of the ends, in 
one half as a 5 mm. wide strip and in the other half as a complete cireum- 
ferential sheet. Then, these segments were turned outside in and implanted 
as single homografts, 9 cm. in length, into the thoracic aorta of each of four 
dogs and as composite homografts (fresh and frozen-dried), 15 em. in length, 
into the thoracic aorta of each of 2 other dogs. All dogs survived operation 
and subsequently were sacrificed after an average period of 121 days. All 
grafts were patent, although extensive mural thrombosis was present in 3. 
Microscopically, the defect in the homograft wall was not healed unless 
autogenous fibrous elements were able to make their way to the inner surface. 


Fig. 27.—Photomicrograph at X80 of Weigert’s stain of longitudinal parffin section across 
upper end of stripped-out zone of frozen-dried aortic homograft after 183 days in 
canine thoracic aorta. Note the trailing thrombus and the complete absence of cellular 


proliferation from the homograft wall. 


This occurred in 1 of the 2 fresh homografts and in 1 of the 6 frozen-dried 
homografts. Lack of formation of an inner layer at the site of inner wall 
removal in a frozen-dried graft is shown in Fig. 27. 

The healing of the inner wall of the autogenous canine thoracic aorta was 
studied by the following method in 3 dogs. The thoracic aorta was freed, 
opened longitudinally, stripped completely of the inner third of its wall for 
an average distance of 4 em., and then closed with a continuous whipstitch. 
These dogs were then sacrificed at intervals of two, four, and eight weeks after 
operation, respectively. In each instance the stripped segment was free of 
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fibrin and covered in most areas by glistening, smooth, translucent tissue that 
appeared to have origin from the contiguous underlying wall. These gross 
and microscopic findings are shown in Fig. 28. It is worthy of comment that 
this reformed inner layer was thinnest near the orifices of the ligated inter- 
costal branches, even though the intimal surface in the depth of these recesses 
was not removed by the stripping procedure. This and the absence of sheet- 
like ingrowth from the margins of the stripped-out zone strongly suggest that 


Fig. 28.—Segment of host (canine) thoracic aorta fourteen days after removal of its 
inner wall. Upper panel shows photograph of opened segment revealing the arteriotomy line 
to be well healed and the surface of the stripped-out zone to be free of fibrin and compara- 
tively smooth. Lower panel shows photomicrograph at X180 of hematoxylin and eosin stain 
of longitudinal section of wall from central portion of the stripped zone. Note the layer of 
fibrous tissue which has rapidly formed to resurface the denuded wall of the host aorta. 


the new inner layer was the product of fibrous proliferation by the under- 
lying wall, with each area being responsible for itself in this respect. The 
findings presented in this and the other fourteen sections of this paper indi- 
eate that the healing of the arterial wall is a function of the contiguous ar- 
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terial or periarterial tissues and not of the blood flowing through its lumen. 
In brief, gaps or defects in the arterial wall are sealed by fibrin and then 
healed by ingrowth of fibrous elements from the surrounding tissues. Throm- 
boendarterectomy wounds probably heal by migration to the inner surface 
and proliferation there of mural fibroblasts. Thus, thromboendarterectomy, 
if properly performed, appears compatible with sound healing and good func- 
tion. 


DISCUSSION 


Host-graft junction areas are healed by ingrowth of fibrous elements from 
both the contiguous arterial and periarterial tissues, while junction areas 
between nonviable grafts are healed by ingrowth of fibrous elements of only 
the periarterial tissues. This healing pattern is basically the same as that 
manifest by the body in other areas where specialized elements are not regen- 


erated. 

We have observed the same pattern of healing in all the grafts reported 
in this paper; namely, that of fibrous ingrowth from the arterial and peri- 
arterial tissues. The location, degree, and extent of this ingrowth into the 
graft are determined by the fate of the cells and fibers of the original graft. 
If cellular viability of an arterial graft is lost, the inner portion of its fiber 
framework undergoes a spatial rearrangement into an acellular, condensed 
mass of elastic tissue. Thus, the fibrous ingrowth from the periarterial tis- 
sues cannot make its way to the inner surface of this impenetrable barrier 
-except by lateral spread from the stock of fibrous tissue growing in through 
the anastomotic junction site. The extent of this lateral spread from the 
anastomosis is limited and rarely reaches the center of grafts as long as 6 em. 
If the acellular, condensed mass of elastic tissue loses its continuity and be- 
comes pervious, the fibrous elements of the periarterial tissues grow through 
and form an inner layer on its surface. The strength of the graft wall is, for 
a considerable period, dependent largely upon the maintenance of the con- 
tinuity of its fiber framework. If this continuity be lost, the time at which 
such loss oceurs is of the greatest importance in determining the gross 
morphologic fate of the graft. Should early loss occur, rupture ensues. If 
continuity persists longer, the autogenous fibrous ingrowth may have attained 
sufficient strength to resist frank rupture but not aneurysmal dilatation. How- 
ever, if fiber continuity persists until the autogenous ingrowth is of sufficient 
strength to resist the dilative effect of the intraluminal pressure, a stable wall 
will then remain despite the subsequent loss of fiber framework continuity. 

Caleifie changes occur in and about the condensed, acellular masses of 
elastic tissue. Such changes of themselves do not impair the ability of the 
graft to serve as an effective conduit. However, these changes must increase 
the liability of the graft to delayed thrombosis, dissecting aneurysm formation, 
or actual rupture. Accordingly, their development is to be viewed with con- 


cern. 
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An intact fiber framework in an arterial graft that has lost its cellular 
viability prevents significant dimensional change either of a passive nature 
in response to the dilative effect of intraluminal pressure or of an active nature 
in reponse to growth stimulation. 

Grafts are needed for the correction of arterial defects not manageable 
by end-to-end anastomosis. The type of graft one uses is dictated by the 
pathologie process present and his knowledge of and experience with the avail- 
able grafts. In this regard we shall consider certain aspects of the fates of 
arterial autografts, homografts, and heterografts and of synthetic fabric tubes 
that influence the clinical decisions as to which of these to employ. 


Arterial Autografts—These grafts maintain both cellular viability and 
fiber continuity. They remain histologically identifiable as normal arteries 
and have no more liability to complications than does the rest of the arterial 
system of the patient. They are the perfect graft. Unfortunately, their rela- 
tive unavailability greatly limits their application. 


Arterial Homografts—These grafts, even though living at implantation, 
usually lose cellular viability but maintain fiber continuity. The fibroblasts of 
the adjacent host tissues proliferate and invade the homograft wall to vary- 
ing depths and spread from the anastomotic site along its inner surface for 
short distances. Fibrous tissue from the anastomotic junction grows out to 
cover the inner surface of the adjacent 1 to 2 em. of graft and 2 to 3 mm. of 
aorta. The extent to which the intima of the aorta contributes to this proe- 
ess has not been determined. Some fibrillar elements taking the elastic tissue 
stain extend out from the aortic intima for 1 to 2 mm. along the inner surface 
of the fibrous tissue at the anastomotic site. In most instances the inner por- 
tion of the homograft fiber framework becomes condensed to form an acellu- 
lar, relatively inert, mass of foreign protein which is impervious to the in- 
growth of host tissue and remains so for periods of at least a year. Thus, only 
at, and adjacent to, the anastomosis (1 to 2 em.) and to those exceptional 
sites where the fiber framework happens to remain pervious to the ingrowth 
of host tissue, or becomes so subsequently, does a layer of host tissue form 
along the inner surface of the homograft fiber framework. Accordingly, most 
homografts longer than 3 to 4 em. are devoid centrally of an inner lining of 
host tissue. In grafts of such length as to be devoid of an inner lining cen- 
trally the condensed fiber framework of the original graft serves as an ef- 
fective conduit for the passage of blood. This surface of itself does not pro- 
mote thrombosis. However, degenerative changes occurring in this con- 
densed, acellular mass of elastic tissue might be expected to favor the de- 
velopment of delayed thrombosis. 

In the early period following implantation, the strength of the graft 
resides in its homograft fiber framework. Subsequently, the autogenous 
fibrous tissue reaction about the homograft is sufficient of itself to serve as a 
suitable conduit of stable dimensions. It is difficult to state how long the 
graft is dependent upon the integrity of the homograft fiber framework for 
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its strength. As a generalization we suggest that loss of continuity of the 
homograft fiber framework before three months would favor frank rupture 
or aneurysm formation while such loss after twelve months would not. 

In essence, arterial homografts are foreign fiber frameworks that through 
condensation of their inner portion become impervious to the ingrowth of fibrous 
elements of the periarterial tissues. Because of fiber framework resistance, 
these grafts are resistant to aneurysm formation, unable to respond to growth 
stimulation, and liable to calcification. The calcific changes are least in fresh 
grafts, maximal in grafts dried by evaporation, and intermediate in frozen and 
frozen-dried grafts. Because of their inability to respond to growth stimuli 
and their distinct liability to calcification, arterial homografts should not be 
used in growing patients unless they are the only suitable means by which 
a life-endangering hemodynamic abnormality may be corrected. The adult 
patient requiring surgical correction of arteriosclerotic pathologie proc- 
esses presents a vastly different problem than does the young patient with a 
congenital defect. In the former case the graft probably has less liability to 
serious complications than does the rest of the arterial system of the patient, 
while the reverse is true in the latter case. 


Arterial Heterografts—tThese grafts, even though living at implantation, 
lose cellular viability and in most instances fiber continuity as well. Because 
of this loss of fiber continuity, these grafts, in contrast to homografts, present 
an unstable wall which is prone to aneurysm formation and rupture. Ac- 
cordingly, they must not be used unless they are the sole means for correc- 
tion of hemodynamic abnormalities of greater risk to the patient than that 


‘entailed by the use of such grafts. The disintegration of the fiber framework 


allows the fibrous elements growing in from the periarterial tissues to reach 
the inner surface and form an inner layer. The wall of a heterograft aneurysm 
is analogous to that of an arteriovenous fistula or a false aneurysm of any 
standing. Probably the healing pattern in these latter situations is the same 
as in the heterografts, but without the temporary presence of a foreign fiber 
framework. Freeze-drying seems to delay, but not to prevent, the loss of 
continuity of the heterograft’s fiber framework. Because of this, the incidence 
of delayed thrombosis is higher while aneurysm formation is lower in the 
frozen-dried aortic heterograft than in the fresh aortic heterograft. 


Synthetic Fabrics.—The pioneer work of Voorhees, Jaretzki, and Blake- 
more (1952) with Vinyon-N began an exciting chapter in the field of recon- 
structive arterial surgery. Much work by many investigators has been done 
since with a variety of plastic materials. At present, five synthetic fibers 
appear suitable for use in the arterial system. These are Vinyon-N, Nylon, 
Orlon, Dacron, and Teflon. These fibers have less inherent elasticity than their 
homograft counterpart, the elastic fiber. Accordingly, prostheses fabricated 
from these fibers are less adaptable than arterial homografts. Consequently, 
although these prostheses may be oceasionally employed successfully to re- 
place branched segments of small arteries, they are best suited for bridging 
straight defects of large arteries where branches, angulation, and small caliber 
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are not considerations. The elasticity of a fabric is influenced by its weave. 
For example, a braided tube of a given fiber possesses more elasticity than 
does a tube of taffeta weave of the same fiber. Fiber frameworks of the above- 
mentioned fibers are stable, relatively inert, and, following use as arterial 
grafts, come to be enveloped by an autogenous fibrous tissue wall, the inner 
portion of which is derived from the outer portion by permeation of fibrous 
elements through the mesh of the fabric. Hufnagel (1955) believed that 
failure of ingrowth of fibrous elements through the mesh to form a lining of 
host tissue along the inner surface of the synthetic fiber framework may lead 
to a high incidence of delayed thrombosis in the prosthesis. The importance of 
pore size to the ingrowth of fibroblasts through the mesh needs further 
clarification. The article of Deterling and Bhonslay (1955) is a step in this 
direction. Hufnagel (1955) has successfully employed synthetic fiber frame- 
works to replace pathologic portions of the arterial systems of 75 patients, 
including the aortic bifurcation in 50 instances. The majority of these pros- 
theses have been fabricated from light weight Orlon cloth having a mesh size 
of 30 by 50 microns. Much still remains to be learned of the synthetic fiber 
frameworks suitable for arterial replacement before they can be widely em- 
ployed clinically with the same comparative safety that, at present, attends 
the proper use of appropriate homografts. However, as of this time one may 
say that the correct use of suitable synthetic fiber frameworks for bridging 
selected arterial defects is compatible with sound healing and satisfactory 
funetion. 

With respect to the surgical management of aneurysms of the major 
arteries in the body cavities, the choice of synthetic fiber framework prosthesis 
or homologous artery fiber framework prosthesis reflects more a particular in- 
terest in one framework than it does a conviction of the superiority of that 
framework as compared to the other. Regarding the surgical management of 
occlusive arterial disease of arteriosclerotic origin involving the aorta and its 
iliac branches, one may employ thromboendarterectomy, arterial homograft 
replacement, or any one of the suitable synthetic fiber frameworks that are 
currently available for replacement and obtain equally good results provided 
that the method employed be applied correctly. 

The management of occlusive arterial disease of arteriosclerotie origin 
distal to the inguinal ligament often presents difficult problems. However, if 
the arterial bed at, and distal to, the bifurcation of the popliteal artery is 
reasonably patent, one can successfully manage these cases surgically with 
gratifying results, provided that sufficient attention be directed toward 
technical detail. The concept of by-pass grafts placed as shunts around sites 
of arterial obstruction utilizing end-to-side anastomoses as originally intro- 
dueed by Kunlin (1951) and subsequently adopted and modified by Linton 
and Menendez (1955) and by Crawford and DeBakey (1955) appears to be a 
valuable contribution toward rendering the care of such patients feasible on 
a practical basis. Linton has suggested that the high incidence of delayed 
thrombosis (50 per cent) occurring in arterial homografts employed as replace- 
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ment grafts is related to the anastomotic constriction resulting from end-to- 
end union with the host artery. The experimental work of Anzola, Palmer, 
and Welch (1952) suggests that the high incidence of delayed thrombosis in 
long-length arterial homografts of small caliber is related to the nature of the 
graft and not to its method of union with the host artery. Further observation 
of long-length arterial homografts of relatively small caliber placed as by-pass 
shunts (utilizing end-to-side union without constriction) will be necessary in 
order to clarify this important point. The use of the autogenous saphenous 
vein as a by-pass graft under such circumstances likewise merits careful 
evaluation. Olwin (1955) and Murphy, Aust, and Felder (1955) have been 
favorably impressed with such grafts. Julian, Dye, Olwin, and Jordan (1952) 
reported good results with replacement type vein grafts in the superficial 
femoral artery. The follow-up of these grafts (Olwin, 1955) has revealed that 
of 11 venous autografts and 4 venous homografts initially suecessful, 9 venous 
autografts and 2 venous homografts have maintained patency over a 3 to 5 
year period. It should be pointed out that the muscular nature of the wall of 
the greater saphenous vein renders it, as compared to other veins, uniquely 
fitted to withstand arterial pressures. The value of thromboendarterectomy 
distal to the inguinal ligament remains to be fully determined. Cannon and 
Barker (1955) reported favorably on thromboendarterectomy in the femoral 
artery and advocated the use of an internal stripper for this purpose. How- 
ever, the extensive dissection required, the prolonged time of operation, the 
liability to subsequent rupture if the endarterectomy be earried too deeply, 
and the probability of early thrombosis if the endarterectomy be not carried 
_ deeply enough make this valuable technique undesirable under many circum- 
stanees. The proper place of the synthetic fiber frameworks in the armamen- 
tarium of peripheral arterial reconstructive surgery is in a constant state of 
revision. Hufnagel (1955) believes that the braided Teflon tube is the best 
synthetic fiber framework currently available for use in the peripheral 
arteries. Lewis (1955) believes that Ivalon (polyvinyl sponge) tubes, be- 
cause of their elasticity, are well suited for use in the peripheral arteries. 
Edwards and Tapp (1955) believe that braided, crimped Nylon tubes, possess- 
ing flexibility to 180 degrees without kinking, offer promise for use in periph- 
eral arteries. Suffice it to say that none of the plastic prostheses currently 
available are as adaptable as appropriate arterial homografts or venous auto- 
grafts. However, the future undoubtedly will see the development of better 
vascular prostheses than any now available for use in the peripheral arteries. 
The field of blood vessel repair and replacement is a dynamic one. The 
accomplishments of the past and of the present are but steps leading toward 
goals to be reached in the future which now seem impossible of attainment. If 
the results reported in this paper serve as such a step, the effort expended in 
their determination will have been justified. 


SUMMARY 


The material of this paper consists of 230 grafts implanted in 170 animals 
(153 young pigs and 17 mature dogs). Studies have been made in the arterial 
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system of the healing and fate of arterial autografts, homografts, and hetero- 
grafts, of venous autografts, and of segments of the host aorta from which the 
inner wall has been removed; and in both the arterial and musculofascial sys- 
tems of the healing and fate of Orlon cloth prostheses. On the basis of these 
studies we suggest that the healing of arterial grafts is the same as that of 
other tissues that do not regenerate specialized elements. The basic pattern 
of arterial graft healing consists in the ingrowth of fibrous elements from the 
contiguous arterial and periarterial tissues into the graft. The end results 
observed with different types of grafts varies widely. However, these dif- 
ferences are explainable on the basis of whether the cellular viability and fiber 
continuity of the original graft are maintained or not. The healing pattern 
of Orlon cloth prostheses used to span aortie gaps is the same as that of Orlon 
cloth prostheses used to bridge musculofascial defects. In each instance the 
cloth presents a stable wall which is healed by the ingrowth of fibrous elements 
from the surrounding tissues through its mesh. The host aorta from which the 
inner wall has been removed heals by migration to the inner surface and pro- 
liferation there of mural fibroblasts. 

Arterial autografts were observed to be perfect grafts. Fresh venous 
autografts implanted in arteries receiving good support from surrounding 
musculofascial tissues were observed to persist as viable, anatomically intact 
structures which were not subject to aneurysmal dilatation. Arterial homo- 
grafts were observed to be resistant to aneurysm formation, unable to respond 
to growth stimulation, and liable to calcification. Arterial heterografts, dif- 
fering from homografts, were observed to be unstable and prone to aneurysm 
formation and rupture. Orlon tubes were observed to be resistant to aneurysm 
formation, but prone to wrinkling and liable to calcification. The denuded 
inner wall of the host aorta was observed to heal quickly and to have little 
tendency toward mural thrombosis. 

To Colonel William S. Stone, MC, USA (Ret.), formerly Commandant, Army Medical 
Service Graduate School, now Director of Medical Education and Research, University of 


Maryland, we extend our sincere thanks, for without his support and helpful advice this 
work could not have been accomplished. 
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Editorial 


Vascular Substitutes 


The rapidly increasing use of excisional therapy for the treatment of 
arterial disorders has resulted in a demand for vascular transplants that far 
exceeds the supply. Because of difficulties of procurement, arterial homo- 
grafts are not available in sufficient number, and the predicted widespread 
establishment of ‘‘blood vessel banks’’ has not become a reality. Further- 
more, to some vascular surgeons at least, the degenerative changes occurring 
in experimental homografts constitute a distinct disadvantage to their clini- 
eal use. As a result, a search for suitable arterial substitutes is now being 
conducted with an intensity that approaches the phenomenal. Following 
closely upon the pioneering efforts of Voorhees and Blakemore, Shumacker, 
and Hufnagel, investigation of vascular prostheses made from various types 
of synthetic materials was begun in practically every surgical laboratory. 
Vinyon-N, nylon, Dacron, Orlon, Ivalon sponge, silica oxide, polyethylene, and 
methyl methacrylate are among the materials being studied. The prostheses 
are rigid or flexible, pervious or impervious, seamed or seamless, wettable or 
nonwettable, and shaped into simple or branching tubes. The textiles em- 
ployed are generally obtained from lots manufactured specifically for use as 
wearing apparel or household goods. In some instances the prostheses are 
fashioned by the manufacturer, but more often the home sewing machine is 
employed with the surgeon as seamstress. The experiments to test these 
prostheses are generally conducted as follows: The vascular substitute is im- 
planted into the thoracic or abdominal aorta of dogs or pigs. These animals 
are then sacrificed at intervals (usually nearer one month than one year after 
transplantation) and the results, in terms of patency and histologic appear- 
anee, are reported. In some instances the material is given a limited elini- 
eal trial before the report is made. Occasionally the procedure is reversed 
and the vascular substitute is first tried clinically and then used in experi- 
mental animals! 

There are several unique but unfortunate features of this type of investi- 
gation. First, the surgeon is in the difficult position of attempting to evalu- 
ate materials about which he knows almost nothing, since the technical as- 
pects of textiles and plastics are not emphasized in medical curriculums! 
Second, it is extremely difficult to obtain separate lots of material with identi- 
cal properties, particularly if they are procured from the processor rather 
than from the manufacturer. Thus, the results of one phase of the experi- 
ment may not be comparable with another, although materials of the same 
general construction are used. Finally, there is little attempt to exchange 
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observations except in formal reports, and here significant details are usually 
lacking. Occasionally, the surgeon may obtain from a colleague a small 
swatch of material ‘‘to try out,’’ but rarely will he know its specifications 
and properties. 

Undoubtedly, something of merit will come of these poorly controlled 
experiments, although at the moment their chief value appears to be the op- 
portunity afforded surgical residents to become skilled in vascular anasto- 
moses. Meanwhile, the day of the ideal substitute is postponed. 

The solution to the problem of developing a satisfactory vascular sub- 
stitute is obvious to many and consists of enlisting the technical knowledge 
and resources of industry. In fact, this step has already been taken by at 
least two investigators in the field. However, to be most effective, such a pro- 
gram should be conducted as a cooperative effort supported by all surgeons 
who are interested in vascular disorders. It would seem logical, therefore, for 
one of the surgical societies to appoint a committee to define the properties 
of an ideal vascular substitute. This committee should then secure the co- 
operation of the chemical and textile industries in the development of a suit- 
able prosthesis. As materials are produced, they should be distributed to the 
various vascular centers for experimental and clinical trial. In this way, each 
material can be carefully evaluated within a relatively short time. 


—Oscar Creech, Jr. 
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Appraisal of Progress in Surgical Therapy 


CONDUCTED BY WARREN H. CoLe, M.D. 
ASSISTED BY 


J. GaRROTT ALLEN, M.D. CLARENCE DENNIS, M.D. 


VASCULAR ACCIDENTS DURING PULMONARY RESECTION: 
PREVENTION AND CARE 


Davip V. Pecora, M.D., Ray Brook, N. Y. 
(From the Department of Surgery, Ray Brook State Tuberculosis Hospital) 


N SPITE of the many technical advances which have been made in the field 

of pulmonary surgery, references to severe hemorrhage occurring during pul- 
monary resection continue to appear in the literature. Although the subject 
has been discussed,'* no presentation has appeared which offers a complete plan 
of management of the vaseular accidents likely to be encountered. Moreover, 
personal experience has indicated that while many of the maneuvers described 
are of value, others are useless. It is the purpose of this paper to present a 
mode of approach which has been found exceedingly valuable. 

The best preventative of vascular accidents is alertness to possible dangers 
and knowledge of proper precautionary measures. Although the great major- 
ity of resections offer no problem, there are occasional instances in which in- 
flammatory changes or tumor make dissection extremely hazardous. Moreover, 
degenerative changes within the vessel wall, especially the pulmonary artery, 
may be accompanied by extreme degrees of friability. Under these cireum- 
stances, not only should one exercise the greatest gentleness, but, wherever 
feasible, one should dissect peripherally in order to deal with vessels of a mini- 
mum caliber. If, however, it should prove necessary to ligate a large vessel, 
contrary to the recommendations of many, only enough of the vessel to allow 
passage of a ligature should be freed. If bleeding occurs under these cireum- 
stances the opening can be plugged by packing with a substance such as Gel- 
foam and approximating the surrounding tissues with a fine stitch; or Allis 
clamps may be employed as will be described. Following this, dissection may 
proceed at a slightly different level. Once the vessel has been ligated the proce- 
dure is repeated distally, and the vessel is severed proximal to the distal liga- 
ture leaving the portion of the vessel between the point of transection and the 
proximal ligature adherent to the perivascular tissue. This maneuver not only 
exposes a minimum of the vessel wall to trauma, but it also provides a bridge of 
tissue distal to the proximal ligature which prevents the latter from slipping. 

Although it has been emphasized‘ that dissection is facilitated if the peri- 
vascular sheath is followed, this may not be advisable in certain rare inflam- 
matory conditions. Under these circumstances, if one persists in attempts to 
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locate a sheath he may find remaining a very thin friable vessel consisting essen- 
tially of media and intima. Since bleeding from such vessels is extremely dif- 
ficult to control, one would have a greater margin of safety by leaving a small 
amount of perivascular tissue attached to the vessel. In the case of pneumonec- 
tomy it may be safer to perform an intrapericardial dissection as discussed 
following. 

When resection is performed for carcinoma it is rarely advisable to attempt 
to free vessels at a level involved by tumor. Under such circumstances any bene- 
fit which might be derived is far outweighed by the risks encountered. If it is 
impossible to carry the dissection to a more central level free of tumor, resec- 
tion should be abandoned in favor of nonsurgical treatment such as roentgen 
therapy. Before abandoning resection, however, the pericardium should be 
opened as recommended by Allison. One should never proceed with pneumonec- 
tomy until he has determined that all vessels are sufficiently free of tumor to 
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Fig. 1.—Improved transfixion suture ligature. Note that ligature is anchored on opposite sides 
of the vessel. 


allow ligation. Occasionally, when one of the veins is completely involved, one 
may remove a portion of the left auricle.®* If this is done, it is safer to clamp 
the auricle with a suitable clamp such as that of Harken and to insert a row of 
interrupted mattress sutures of atraumatic 00 braided silk on the eardiae side 
of the expected line of division. The sutures are left long for traction. Follow- 
ing division of the auricle external to the first layer of sutures, a second layer 
of the same suture material is employed as an over-and-over continuous lock 
stitch external to the mattress sutures. If a layer of sutures is not inserted 
prior to incising the auricle one may find it difficult to close the auricle in the 
event that the clamp should slip. If it is necessary to leave a short venous or 
arterial stump after ligation, the end of the vessel should be oversewn with fine 
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silk, as recommended by Mendelsohn. An over-and-over lock stitch is ade- 
quate. Procedures on the auricle or the vessels are facilitated if the other 
structures have been divided previously, thus facilitating early removal of the 
lung to provide an unobstructed field of vision. 

Whenever it is necessary to divide the veins prior to the pulmonary artery, 
the latter vessel should be ligated first in continuity. This not only prevents 
loss of blood into the lung as has been emphasized,” but it also prevents disten- 
tion of the organ, which at times can predispose to accidents by making ex- 
posure difficult. 

Whenever possible a long cuff should be left distal to a ligature on a vessel 
to prevent slipping. Furthermore, ligation of an artery should be performed 
without too much tension as it is possible to fracture the vessel wall. Paren- 
thetically it may be stated that veins show little tendency to fracture under 
similar cireumstances. Some preparations of oiled silk ligatures tend to glide 
poorly when knotted, thus making it difficult for a surgeon to judge the actual 
tension transmitted to the loop about the vessel. Waxed silk seems to be more 
satisfactory in this respect. It is advisable before severing a vessel to make a 
small preliminary nick between ligatures; if bleeding is encountered one may 
then religate the vessel without fear of excessive blood loss. 

Much use has been made of the transfixion suture ligature which passes 
once through the vessel wall after which it is tied on both sides. After a severe 
hemorrhage due to slipping of this type of suture ligature, a new one was de- 
vised (Fig. 1). Although the new suture-ligature appears superior, it is prob- 
ably not as safe as an occluding distal suture of fine silk. 

It has been suggested‘ that, in subtotal pulmonary resections when periph- 
eral vascular injury is likely, the main pulmonary vessel(s) be dissected free 
so that proximal ligation may be performed in ease of hemorrhage. Two objee- 
tions have been found for this procedure: (1) it requires dissection of a larger 
vessel which in turn might be injured; and (2) it does not control ‘‘back bleed- 
ing’’ from the periphery of the lung. Use of the hilum tourniquet in such 
emergencies, as recommended by Soutter,’ eliminates both these objections and, 
in addition, offers the advantages of speed and ease of application. 

Prophylaxis against hemorrhage from the vessels in the main pulmonary 
hilum presents a much more difficult problem. If an accident is considered 
likely one should open the pericardium anterior to the phrenic nerve to facilitate 
the maneuvers described here. 

Most surgeons employ digital pressure to initially control bleeding vessels. 
Although it has been stated that further dissection can be performed while digi- 
tal pressure is maintained,‘ it is actually difficult to perform. In the control of 
hemorrhage personal experience has indicated that Allis (or Judd-Allis) clamps 
may be employed as shown in Fig. 2 to approximate the edges of the vascular 
laceration as the occluding finger is slowly removed. If the bleeding vessel is 
small, one clamp is sufficient. If the vascular rent is large, several clamps may 
be applied a few millimeters apart. If necessary, one or more clamps may be 
removed and reapplied individually with only minimal bleeding. The vessel 
is then sutured by a continuous lock stitch of suitable silk as demonstrated in 
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Fig. 2. Note that the suture is passed beneath the clamp and locked before the 
clamp is removed. The end of the right main stem pulmonary artery has been 
successfully sutured in this manner. Usually only one layer of suture material 
is necessary. 

If the wall of a vessel is fractured, it is usually not necessary to place an 
occluding clamp upon the vessel. Indeed, this might be dangerous. If bleeding 
is absent or minimal the edges of the fracture are approximated by a contin- 
uous over-and-over lock stitch of 5-0 arterial silk through all layers. The small 
amount of bleeding which occurs about the needle perforations soon stops spon- 
taneously, if suture is carefully performed. 


Fig. 2.—Method of suturing a rent in a vessel. Allis clamps have been applied and are 
removed as suturing progresses. A continuous lock stitch is employed. Note that a stitch is 
taken beneath the clamp before the latter is removed. 


If one should encounter from one of the main pulmonary vessels hemor- 
rhage which is uncontrollable by this method, the pericardium should be opened 
anterior to the phrenic nerve. Although it has been found necessary personally 
to stop bleeding by intrapericardial pressure only once (employing pressure as 
shown in Fig. 3, A to control bleeding from the right pulmonary artery), this 
proved eminently successful. The following maneuvers, based on the anatomic 
studies of Allison® and Healey and Gibbon,® would appear to be equally sound. 
If one of the pulmonary veins is involved it is possible to ecompresss it intra- 
pericardially between the thumb and forefinger. The distal end of the vein 
may then be occluded by suitable clamps (such as Allis), after which the vein 
may be ligated intrapericardially or its end sutured. If the right pulmonary 
artery is the vessel involved, intrapericardial pressure with the index finger at 
points A or B (Fig. 3) will control bleeding. Thereafter, the end of the artery 
is clamped as in the case of a vein. The artery may then be ligated in the 
transverse sinus as described by Healey and Gibbon’ or its end may be sutured. 
Bleeding from the left pulmonary artery may be controlled by digital pressure 
at the point indicated by C in Fig. 4. Since it is difficult to ligate a short left 
pulmonary artery it would seem preferable to suture the end of the vessel after 


occlusion with Allis clamps. 
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heart and great vessels (after Sabotta). A and B 
(postcaval recess* and transverse sinus, respectively) where intrapericardial pressure may be 
employed to central bleeding from the extrapericardial portion of the right pulmonary artery. 
Similarly, C represents the left pulmonary recess where intrapericardial pressure may be 
employed to control bleeding from the extrapericardial portion of the left pulmonary artery. 


Figs. 3 and 4.—Diagrams of the 
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SUMMARY 


Prevention and eare of vascular accidents have been discussed. 
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ANNOUNCEMENT 


The Horse Shoe Club 


A program of exchange of surgical residents between this country and Great Britain 
has long been encouraged by the Horse Shoe Club. Arrangements for the exchange will be 
accomplished by the Graduate Training Committee of the American College of Surgeons in 
this country. The original plans call for an exchange of about one year’s duration, the 
American resident usually being at the second or third year level. Those coming from Great 
Britain may be somewhat farther along in their training programs but would be fitted into 
the American residency so as to provide the best opportunity for training and experience. 
The host institution is expected to provide the living expenses of the visiting student, but the 
travel expense is to be borne by the parent hospital. 

The Horse Shoe Club is composed of British, Canadian, and American members and 
was founded in 1932 for the purpose of fostering friendship and the exchange of medical, 
research, and clinical workers among the three countries. In Great Britain, the Club offers 
hospitality to visitors from the United States and Canada and assists in making arrangements 
for visits to British hospitals. 

It is hoped that those who are responsible for approved programs of training in general 
surgery and the surgical specialties in this country will consider the possibility of participation 
in this exchange program for the mutual benefit of members of the profession in Great 
Britain and the United States. Specific inquiry concerning the program should be addressed 
to the American College of Surgeons. It should be emphasized that this program does not 
interfere in any way with exchange programs that now exist or that may be established. 
Private arrangements made between schools and hospitals in both countries are all important 
and it is hoped that they will be amplified. Under these circumstances the Horse Shoe Club 
offers friendship and aid when needed to the Fellows in both countries. 
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Correspondence 


To the editor: 


The following observations concerning the patient whose case was reported in the 
June, 1952, issue of SurGERY under the title “Aneurysm of the Hepatic Artery,” seem of 
sufficient interest to be recorded. 

The patient, a 57-year-old man, who had had four episodes of massive gastrointestinal 
hemorrhage, was treated by wiring an aneurysm of the hepatic artery which was believed 
to be the source of the bleeding. During the following eighteen months he remained 
asymptomatic save for two episodes of melena. 


Then another massive gastrointestinal hemorrhage necessitated re-exploration. The 
proximal hepatic artery was pulsating, but the aneurysm and the hepatic artery distal to 
it felt solid and were not pulsating. When the aneurysm was separated from the duo- 
denum, hemorrhage occurred from a tear in its wall. Most of the sac was filled with clot, 
but a channel remained from the point at which the hepatic artery entered the aneurysm, 
extending to the exit of the gastroduodenal artery where the duodenum was in close con- 
tact with the aneurysm. This vessel was pulsating and was ligated and divided. The 
hepatic artery was ligated in continuity. Because the presence of a duodenal ulcer was 
suspected, a partial gastrectomy was performed, The wall of the removed portion of duo- 
denum on microscopic examination was found to have been replaced by fibroplastie prolifera- 
tion and organizing hemorrhage, but the mucosa was intact. 


The patient made an uneventful convalescence and has remained well for three years. 
At present, his liver is palpable 3 cm. below the right costal margin. All liver function 
studies are within normal limits except for the alkaline phosphatase which is 11.6 Bodansky 
units. 

The second operation established that the patient’s gastrointestinal hemorrhage was 
due to rupture of the hepatic aneurysm into the duodenum. Wiring of the aneurysm failed 
to occlude the gastroduodenal artery which was involved in the aneurysm. Ligation of 
this vessel and of the hepatic artery proximally has prevented further hemorrhage. 


—Richard W. Dwight, M.D. 
Boston, Mass. 
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lister), 964 

obstructive arteriosclerosis, successful man- 
agement by endarterectomy (Cannon 
and Barker), 48 

vein, primary leiomyosarcoma (Johnston 
and Shands), 410 ; 

Fibromyxoma of jujunal mesentery (Shein- 
feld), 384 

Fistula, gastrocolic, complication of carcinoid 
tumor of transverse colon (Lynch 
and Boese), 600 

Fluid and electrolyte balance in immediate 
postoperative period (Maddock and 
Lien), 635 

loss, insensible; thermal burns in man 
(Hardy et al.), 692 

Focal pancreatitis, minimal: cause of in- 
capacitating abdominal pain (Buck- 
walter), 748 

Fracture, supracondylar (Kulowski), 1087 

Fractures in children, 813 (B. Rev.) 

Freeze-dried vascular segments, sterilization 
by cobalt irradiation (Buchanan and 
Marrangoni), 999 


G 


Gall bladder, visualization of (Kaden, How- 
ard, and Doubleday), 1082 
Gangrene of stomach, incarcerated diaphrag- 

matie hernia (Sheridan), 741 
Gastrectomy; afferent loop syndrome (Jor- 
dan), 1027 
partial, for peptic ulcer, relation between 
sideropenia, anemia, and occurrence 
of postcibal symptoms following 
(Wallensten), 289 
with gastroduodenostomy, failure in 
treatment of duodenal ulcer (Ordahl 
et al.), 158 
Gastric surgery, nutrition in, with particular 
reference to nitrogen and fat assim- 
ilation (Javid), 641 
Gastrocolic fistula, complication of carcinoid 
tumor of transverse colon (Lynch 
and Boese), 600 
Gastroduodenostomy, partial gastrectomy 
with, failure in treatment of duo- 
denal ulcer (Ordahl et al.), 158 
Gastroenterostomy, vagotomy with, performed 
for chronic duodenal ulcer, evalua- 
tion (Hoerr), 149 
Gastrointestinal hemorrhage, massive upper, 
use of triple-lumen, single-balloon 
tube in diagnosis and treatment 
(Nachlas), 667 
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Gastrojejunostomy, failure of partial gas- 
trectomy with gastroduodenostomy 
in treatment of duodenal ulcer 
(Ordahl et al.), 158 


Goats; effect of bile flow through pancreas 
(Whitrock et al.), 122 
Grading, clinical, of —*, of obliterative 
arterial disease of lower extremities 
(Cranley), 928 
Grafts, arterial; chemically treated nylon 
tubes as (Edwards and Tapp), 61 
healing and fate of (Sauvage and 
Wesolowski), 1090 
treatment for insidious thrombotic occlu- 
sion of cervical carotid arteries 
(Denman et al.), 569 
autogenous vein; experiences with replace- 
ment of segments of diseased fem- 
oral and popliteal arteries (Me- 
Allister), 964 
blood vessel (Crawford et al.), 981 
some practical considerations in sur- 
gery of (Linton), 817 
frozen, branched arterial homografts 
(Leary et al.), 479 
homologous aortic adaptation for surgical 
correction of infantile coarctation 
of aorta (Baffes), 486 
lyophilized, branched arterial homografts 
(Leary et al.), 483 


skin, multiple, simultaneous homotrans- 
plantation (Hardin et al.), 566 
urethral, repair of urethral defects 


(Figueroa-Colon et al.), 1043 
vessel and plastic prostheses for relief of 
superior vena caval obstruction 
(Deterling and Bhonslay), 1008 
use in treatment of popliteal aneurysms 
(Julian et al.), 970 
Groin dissection, radical, adequate, for malig- 
nancy, improved technique (Gum- 
port and Meyer), 660 


H 


Heart, cardiac arrest, effect of pH changes 
on vagal inhibition (Campbell), 615 
chambers of and great vessels, diverticu- 
lium approach to (Glenn et al.), 872 
disease, congenital; diagnosis and _ treat- 
ment of tricuspid atresia (Riker and 
Miller), 886 
surgical correction of cyanosis due to en- 
trance of left superior vena cava 
into left auricle (Hurwitt et al.), 
903 
left, surgery in dogs during respiratory and 
cardiac arrest at body temperatures 
below 10° C. (Gollan et al.), 363 


Hemangiomas, capillary, of skin (Modlin), 
169 


Hemidecortications, physiologic observations 
following total hemispherectomy in 
man (Austin and Grant), 239 

Hemispherectomy, total, in man, physiologic 
observations following (Austin and 

Grant), 239 
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Hemoptysis, late, from rib sequestrum, thirty- 
four years following empyema 
drainage (Roe and Benioff), 764 

Hemorrhage; changes in blood cellular ele- 
ments in dogs during hypothermia 
(Helmsworth, Stiles, and Elstun), 
843 

gastrointestinal, massive upper, use of 
triple-lumen, single-balloon tube in 
diagnosis and treatment (Nachlas), 
667 

intracerebral; sympathetic block in apo- 
plexy (de Takats), 918 

Hepatic pedicle and retropancreaticoduodenal 
areas, dissection for cancer of stom- 
ach (Arhelger et al.), 675 

Hernia, 813 (B. Rev.) 

diaphragmatic, incarcerated, with gangrene 
of stomach (Sheridan), 741 

Heterografts, arterial (Sauvage and Weso- 
lowski), 1106 

Homografts, arterial 
lowski), 1092 

branched (Leary et al.), 476 
replacement with, after resection of 
aneurysm of upper abdominal aorta 
(Etheredge et al.), 1071 
lyophilized arterial (Crawford et al.), 981 
renal, isolated from regional lymphatics of 
host, progressive destruction of 
(Hume and Egdahl), 194 


Homologous aortic grafts, adaptation for 
surgical correction of infantile co- 
arctation of aorta (Baffes), 486 

Homotransplantation, simultaneous, of multi- 
ple skin grafts (Hardin et al.), 566 


Horseshoe Club (Announcement), 1138 
Hydrocortisone, influence of extra-adrenal 
factors on circulating 17-hydroxy- 
corticoids in surgically stressed 
adrenalectomized animal (Steenburg 
and Ganong), 92 
17-hydroxycorticoids, effect of hypothermia 
on output of, from adrenal vein in 
dog (Ganong et al.), 506 
Hypertrophy, myocardial, result of uncom- 
plicated _pleuropericardiomediastin- 
itis? (Wenger), 513 
Hypothermia, changes in blood cellular ele- 
ments in dogs during (Helmsworth, 
Stiles, and Elstun), 843 
direct-vision suture of interatrial septal 
defect during (Swan, Blount, and 
Virtue), 858 
effect on output of 17-hydroxycorticoids 
from adrenal vein in dog (Ganong 
et al.), 506 
influence on experimental peritonitis (Balch 
et al.), 1036 
relationship of coronary blood flow, cardiac 
output and other parameters (Sabis- 
ton et al.), 498 
spinal cord ischemia during aortic occlu- 
sion (Eiseman and Summers), 1068 


(Sauvage and Weso- 
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Hypothermic and normothermic dogs, toler- 
ance of temporary occlusion of tho- 
racic aorta (Parkins et al.), 38 
state, ventricular fibrillation in, V (Riberi 
et al.), 847 


I 


Iliac artery, right common, tuberculous ero- 
sion, with rupture into duodenum 
(Reed), 729 

obstruction; occlusion patterns and col- 
laterals in arteriosclerosis of the 
lower aorta and iliac arteries (Ed- 
wards and LeMay), 950 

Infancy, acute chylous ascites (Kuykendall 
and Dederer), 738 

Infantile coarctation of aorta, adaptation of 
homologous aortic grafts for surgi- 
eal correction (Baffes), 486 


Infarct, cerebral; sympathetic block in apo- 
plexy (de Takats), 917 
Insensible fluid loss, thermal burns in man 
(Hardy et al.), 692 
thrombotic occlusion of cervical 
carotid arteries, treated by arterial 
graft (Denman et al.), 569 
Insufficiency, aortic, false aneurysm of aorta 
following insertion of plastic valve 
(Lord and Stone), 593 
arterial, acute, effect of venous occlusion 
on peripheral blood flow during 
(Lawrence and Dodds), 333 
mitral, experimental (Haller and Morrow), 
518 
Interatrial septal defect, direct-vision suture 


Insidious 


of, during hypothermia (Swan, 
Blount, and Virtue), 858 
Intern and assistant resident in surgical 


training program (Mahoney), 1 

Internal jugular vein, valves in, incidence 
and possible significance (Suther- 
land et al.), 320 

International Society of Angiology, Second 
Congress, 455 

Intestine, small, radiation 
(Anderson et al.), 605 

Intracardiac congenital deformity, complete 
and partial perfusion of animal and 
human subjects with pump-oxygena- 
tor (Newman et al.), 30 

direct-vision correction of congenital anom- 

alies by controlled cross circulation 
(Lillehei ct al.), 11 

Intussusception in children, treatment (Nor- 
dentoft and Hansen), 311 

Irradiation, cobalt, sterilization of freeze- 
dried vascular segments (Buchanan 
and Marrangoni), 999 

Ischemia; clinical grading of severity of 
arterial disease of the lower ex- 


stricture of 


tremities (Cranley), 928 

spinal cord, during aortic occlusion, factors 
affecting (Eiseman and Summers), 
1063 
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J 


Jejunal mesentery, fibromyxoma (Sheinfeld), 
384 

Jugular vein, internal, valves in, incidence 
and possible significance (Suther- 
land et al.), 320 


L 


Laboratory assessment of digital circulation 
(Catchpole and Simeone), 936 

Lacerated wounds, treatment (Koch), 447 

Leg ulcer, chronic, syndrome of (Fell et al.), 
771 

Leiomyosarcoma, primary, of femoral vein 
(Johnston and Shands), 410 

Lesion, a (Crawford et al.), 
81 

Lipemia, fat embolism (Peltier), 720 

Lipid shifts, local, in burns (Payne and 
Krauel), 105 

Liver function, intravenous cholangiography 
and cholecystography (Weens et al.), 


531 
Livers, arterialized, animals with, further 
experimental observations (Fisher 


et al.), 181 

Living health and disease, 815 (B. 

ev. 

Loss, insensible fluid; thermal burns in man 
(Hardy et al.), 692 

Lower extremities, clinical grading of severity 
of obliterative arterial disease of 
(Cranley), 928 

Lymph node, prophylactic, is dissection in- 
dicated (malignant melanoma) ? 
(Lund and Ihnen), 652 

Lymphaties, in vivo visualization (Blatt and 
Cincotti), 373 

regional, of host, progressive destruction 

of renal homografts isolated from 
(Hume and Egdahl), 194 

Lyophilization; of vascular segments (Bu- 
chanan and Marrangoni), 999 


M 


Mammary artery, internal, evaluation of im- 
plantation into left ventricular my- 
ocardium for treatment of coronary 
artery disease (Bakst et al.), 349 

Manual of hand injuries, 454 (B. Rev.) 

Materials and fabrics, synthetic, suitable for 
blood vessel replacement, evaluation 
(Deterling and Bhonslay), 71 

Mechanisms involved in _ anesthetic 
(French and King), 228 

Meckel’s diverticulum, polyp in (Hardy), 388 

Mediastinal tumors (Guilfoil and Murray), 
406 

Melanoma, malignant (Lund and Ihmen), 
652 


state 


— 


improved technique for adequate radical 
grain dissection for malignancy 
(Gumport and Meyer), 660 
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Mesentery, jejunal, fibromyxoma (Sheinfeld), 
384 


retroperitoneum, and peritoneum, tumors, 
815 (B. Rev.) 
Mice, gradient in susceptibility of broncho- 
pulmonary tract to tumors (Bur- 
dette), 279 
simultaneous homotransplantation of mul- 
tiple skin grafts (Hardin et al.), 
566 
Mitral commissurotomy, popliteal embolec- 
tomy carried out before and after 
(Selman and Brofman), 402 
insufficiency, experimental (Haller and 
Morrow), 518 
stenosis, surgery for (Meade), 432 
Musculoskeletal exposures, atlas, 814 (B. 
Rev.) 
Myocardial hypertrophy, result of uncom- 
plicated pleuropericardiomediastin- 
itis? (Wenger), 513 
Myocardium, ventricular, left, evaluation of 
implantation of internal mammary 
artery into, for treatment of coro- 
nary artery disease (Bakst et al.), 


349 
N 
Neuroblastoma in childhood (Koop et al.), 
272 


Neurogenic factors, in coronary artery disease 
(Cowley and Scherlis), 835 
Neurological defects, sensory, minor, long- 
term follow-up of 10,098 spinal anes- 
thetics (Vandam and Dripps), 463 

Nitrogen and fat assimilation, nutrition in 
gastric surgery (Javid), 641 

Node, lymph, prophylactic, is dissection indi- 
eated (malignant melanoma)? 
(Lund and Ihnen), 652 

Normothermie and hypothermic dogs, toler- 
ance of temporary occlusion of tho- 
racic aorta (Parkins et al.), 38 

Nutrition in gastric surgery with particular 
reference to nitrogen and fat assim- 
ilation (Javid), 641 

Nylon tubes, chemically treated, as arterial 
grafts (Edwards and Tapp), 61 


O 


Occlusion, aortic, spinal cord ischemia during 
(Eiseman and Summers), 1063 
arterial; experiences with replacement of 
segments of diseased femoral and 
popliteal arteries (McAllister), 964 

coronary artery (Sewell, Koth, and Hug- 
gins), 1050 

insidious thrombotic, of cervical carotid 
arteries, treated by arterial graft 
(Denman et al.), 569 

partial, of terminal aorta complicated by 
sudden total ocelusion (Roberts), 
578 

patterns and collaterals in arteriosclerosis 
of lower aorta and iliac arteries 
(Edwards and LeMay), 950 
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Occlusion—Cont’d. 
temporary, of thoracic aorta in normo- 
thermic and hypothermic dogs, toler- 
ance of (Parkins et al.), 38 
total, sudden, complication of partial occlu- 
sion of terminal aorta (Roberts), 
578 
venous, effect on peripheral blood flow 
during acute arterial insufficiency 
(Lawrence and Dodds), 333 
Occlusive disease of lower extremities, arterio- 
sclerotic, treatment by excision and 
graft replacement or by-pass (Craw- 
ford et al.), 981 
Obstruction, afferent loop (Jordan), 1027 
bowel, acute, small, chyle peritonitis (Davis 
et al.), 393 
of superior vena cava, vessel grafts and 
plastic prostheses for relief of 
(Deterling and Bhonslay), 1008 
Obstructive femoral arteriosclerosis, success- 
ful management by endarterectomy 
(Cannon and Barker), 48 
Operation, extended, for carcinoma of breast 
(Noel), 423 
‘*Operative tunnel’’; diverticulum approach 
to chambers of heart and great ves- 
sels (Glenn et al.), 873 
Orlon diverticulum, diverticulum approach to 
chambers of heart and great vessels 
(Glenn et al.), 873 
tubes and patches (Sauvage and Wesolow- 
ski), 1115 
Osteomyelitis, Salmonella enteritidis, sickle- 
cell anemia, and remote postopera- 
tive wound abscess (Goldenberg), 
758 
Owen H. Wangensteen, Surgical Education 
Foundation (Announcement), 46] 


P 


Palsy, Bell’s; Bells of Edinburgh (Bell), 891 
Pancreas, annular, surgery of (Tendler and 
Ciuti), 298 
bile flow through, effect of (Whitrock et 
al.), 122 
Pancreatic disorders, use of radioactive- 
labeled protein and fat in evalua- 
tion (Shingleton et al.), 134 
Pancreaticoenterostomy, retrograde, in experi- 
mental pancreatitis (Sensenig and 
Bowers), 113 
Pancreatitis, acute, cholecystographie studies 
in (Kaden, Howard, and Doubleday), 
1082 
experimental, use of retrograde pancreatico- 
enterostomy (Sensenig and Bowers), 
113 
minimal focal; cause of incapacitating ab- 
dominal pain (Buckwalter), 748 
Paraplegia; spinal cord ischemia during 
aortic occlusion (Eiseman and Sum- 
mers), 1065 
Parotitis, surgical, vanishing disease (Robin- 
son), 703 
Patent ductus arteriosus, division and suture 
of (Bosher), 1054 
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Pedicle, hepatic, and retropancreaticoduode- 
nal areas, dissection for cancer of 
stomach (Arhelger et al.), 675 

Peptic ulcer, partial gastrectomy for, relation 
between sideropenia, anemia, and 
occurrence of postcibal symptoms 
following (Wallensten), 289 

ulceration, experimentally induced, role of 
pyloric antrum in, in dogs (State et 
al.), 143 

‘Percutaneous splenic portograms in dogs: 
technique and examples of useful- 
ness (Davis et al.), 708 

Perfusion, complete and partial, of animal 
and human subjects with pump- 
oxygenator (Newman et al.), 30 

Periaortic infection, induced, effect on poten- 
tial difference measured across aortic 
wall (Sawyer et al.), 342 

Peripheral blood flow, effect of venous oeclu- 
sion on, during acute arterial insuffi- 
ciency (Lawrence and Dodds), 333 

Peritoneum, retroperitoneum, and mesentery, 
tumors, 815 (Bb. Rev.) 

Peritonitis, chyle, with acute small bowel 
obstruction (Davis et al.), 393 

experimental, influence of hypothermia on 
(Balch et al.), 1036 

pH changes, effect on vagal inhibition of 
heart, cardiac arrest (Campbell), 
615 

Pharynx, upper esophageal resection and re- 
anastomosis (Weisel et al.), 723 

Phlebodynamics of lower extremity, syn- 
drome of chronic leg ulcer (Fell et 
al.), 771 

Pigs; healing and fate of arterial grafts 
(Sauvage and Wesolowski), 1090 

local lipid shifts in burns (Payne and 
Krauel), 105 
Plastic mesh tubes, arteriogenesis induced by 
(Herrmann and Bollack), 993 
prostheses for relief of superior vena caval 
obstruction (Deterling and Bhon- 
slay), 1008 
valve, false aneurysm of aorta following 
insertion for aotic insufficiency 
(Lord and Stone), 593 

Plethysmography; laboratory assessment of 
digital circulation (Catchpole and 
Simeone), 936 

Pleuropericardiomediastinitis, 
result in myocardial 
(Wenger), 513 

Pneumonectomy; vascular accidents during 
(Pecora), 1134 

Polyp in Meckel’s diverticulum (Hardy), 388 

Popliteal aneurysms, use of vessel grafts in 
treatment of (Julian et al.), 970 

arteries, diseased, experiences with re- 
placement of segments of (McAllis- 
ter), 964 

embolectomy carried out before and also 
after mitral commissurotomy (Sel- 
man and Brofman), 402 

Portograms, percutaneous splenic, in dogs: 
technique and examples of useful- 
ness (Davis et al.), 708 


uncomplicated 
hypertrophy ? 
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Postcibal symptoms, sideropenia, and anemia, 
relation between following partial 
gastrectomy for peptic ulcer (Wall- 
ensten), 289 

Postoperative period, immediate, fluid and 
electrolyte balance (Maddock and 
Lien, 635 

Potential difference measured across aortic 
wall, effect of induced periaortie in- 
fection on (Sawyer et al.), 342 


Potts-Smith operation: diagnosis and treat- 
ment of tricuspid atresia (Riker and 
Miller), 894 
Pressure, left atrial, experimental mitral in- 
sufficiency (Haller and Morrow), 
518 
Procaine block; ventricular fibrillation in 
the hypothermic state, V (Riberi et 
al.), 847 
Protheses, Orlon (Sauvage and Wesolowski), 
1115 
plastic, for interatrial septal defect (Swan, 
Blount, and Virtue), 859 
for relief of superior vena caval ob- 
struction (Deterling and Bhonslay), 
1008 
vascular; experiences with replacement of 
segments of diseased femoral and 
popliteal arteries (McAllister), 964 
Vinyon-N, and Orlon (Herrmann and Bol- 
lack), 995 
Protein and fat, radioactive-labeled, use in 
evaluation of pancreatic disorders 
(Shingleton et al.), 134 
Pulmonary artery flow with controlled respi- 
ration, etiological factors affecting 
(Hubay et al.), 215 
surgical treatment of transposition of 
great vessels (Kay and Cross), 712 
resection, vascular accidents during (Pe- 
cora), 1133 
Pump-oxygenator; left heart surgery in dogs 
during respiratory and cardiac ar- 
rest at body temperatures below 10° 
C. (Gollan et al.), 363 
use in complete and partial perfusion of 
animal and human subjects (New- 
man et al.), 30 
Pyloric antrum, role in experimentally in- 
duced peptic ulceration in dogs 
(State et al.), 143 


R 


Radiation stricture of small intestine (An- 
derson et al.), 605 

Radical groin dissection, adequate, for malig- 
nancy, improved technique (Gumport 
and Meyer), 660 

Radioactive isotope techniques; 
assessment of digital 


laboratory 
circulation 


(Catchpole and Simeone), 936 

-labeled protein and fat, use in evaluation 
of pancreatic disorders (Shingleton 
et al.), 134 
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Rats; influence of hypothermia on experi- 
mental peritonitis (Balch et al.), 
1036 
Reanastomosis to pharynx, and upper eso- 
phageal resection (Weisel et al.) , 723 
Rectal carcinoma, in vivo visualization of 
lymphaties (Blatt and Cincotti), 373 
Renal homografts, isolated from regional 
lymphatics of host, progressive de- 
struction of (Hume and Egdahl), 
194 
Replacement, blood vessel, evaluation of syn- 
thetic materials and fabrics (Deter- 
ling and Bhonslay), 71 
Resection of aneurysm of upper abdominal 
aorta (Etheredge et al.), 1071 
esophageal, upper, and reanastomosis to 
pharynx (Weisel et al.), 723 
pulmonary, vascular accidents during (Pe- 
cora), 1133 
Tikhar-Linberg, of shoulder girdle (Pack 
and Baldwin), 753 
Residency training programs, something 
wrong? (Ravdin), 769 (£.) 
Resident, assistant, and intern, in surgical 
training program (Mahoney), 1 
Respiration, controlled, etiological factors 
affecting pulmonary artery flow with 
Hubay et al.), 215 
Respiratory and cardiac arrest, left heart 
surgery in dogs at body tempera- 
tures below 10° C. (Gollan et al.), 
363 
Resuscitation following acute circulatory 
failure, mechanism of death after 
(Crowell et al.), 696 
Retropancreaticoduodenal and hepatic pedicle 
areas, dissection for cancer of stom- 
ach (Arhelger et al.), 675 
Retroperitoneum, mesentery, and peritoneum, 
815 (B. Rev.) 
Review of recent meetings, 287 
Rib sequestrum, late hemoptyses from, thirty- 
four years following empyema drain- 
age (Roe and Benioff), 764 
Roentgenographic studies in acute pancreati- 
tis (Kaden, Howard, and Double- 
day), 1082 
Rubber diverticulum; diverticulum approach 
to chambers of heart and great ves- 
sels (Glenn et al.), 873 
Rupture, delayed, of spleen after trauma 
(Fultz and Altemeier), 414 
into duodenum, tuberculous erosion of right 
common iliac artery (Reed), 729 


Salmonella enteritidis osteomyelitis, sickle- 
cell anemia, and remote postopera- 
tive wound abscess (Goldenberg), 
758 

Sensory neurological defects, minor, long- 
term follow-up of 10,098 spinal anes- 
theties (Vandam and Dripps), 463 


Septal defects, atrial, surgical treatment 
(Kay et al.), 323 
Sequestrum, rib, late hemoptysis from, thirty- 
four years following empyema 
drainage (Roe and Benioff), 764 
Shifts, lipid, local, in burns (Payne and 
Krauel), 105 
Shoulder girdle, Tikhor-Linberg resection 
(Pack and Baldwin), 753 
Shunt, polyethylene; in resection of aneu- 
rysm of upper abdominal aorta 
(Etheredge et al.), 1075 
Shunts, temporary; spinal cord ischemia dur- 
ing aortic occlusion (Eiseman and 
Summers), 1068 
Sickle-cell anemia, Salmonella enteritidis 
osteomyelitis, and remote postopera- 
tive wound abscess (Goldenberg), 
758 
Sideropenia, anemia, and occurrence of post- 
cibal symptoms, relation between 
following partial gastrectomy for 
peptie ulcer (Wallensten), 289 
Skin, capillary hemangiomas of (Modlin), 
169 
grafts, multiple, simultaneous homotrans- 
plantation (Hardin et al.), 566 
temperature; laboratory assessment of 
digital circulation (Catchpole and 
Simeone), 936 
Society of University Surgeons issue, 1-288 
Society for Vascular Surgery issue, 817-980 
Spinal anesthetics, 10,098, long-term follow- 
up (Vandam and Dripps), 463 
cord ischemia, during aortic occlusion, fac- 
tors affecting (Eiseman and Sum- 
mers), 1063 
Splanchnicectomized patient, anesthesia in 
(Kaplan and Arrowood), 470 
Spleen, delayed rupture after trauma (Fultz 
and Altemeier), 414 
Splenic percutaneous portograms in dogs: 
technique and examples of useful- 
ness (Davis et al.), 708 
Stenosis, mitral, surgery for (Meade), 432 
Sterilization of freeze-dried vascular seg- 
ments for cobalt irradiation (Bu- 
chanan and Marrangoni), 999 
Sternum, bifid, congenital (Longino and 
Jewett), 610 
Stomach, cancer of, dissection of hepatic 
pedicle and retropancreaticoduodenal 
areas (Arhelger et al.), 675 
gangrene, incarcerated diaphragmatic her- 
nia (Sheridan), 741 
tumors, 816 (B. Rev.) 
Strictures, extensive, of esophagus, cervical 
esophagojejunostomy for (Betts et 
al.), 553 
Stricture, radiation, of small intestine (An- 
derson et al.), 605 
Stroke, emergency treatment; sympathetic 
block in apoplexy (de Takats), 915 
Supracondylar fracture (Kulowski), 1087 
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Surgery, vascular, new two-lever compression 
clamp (Dogliotti and Guglielmini), 
717 
Surgical parotitis, vanishing disease (Robin- 
son), 703 
training program, intern and assistant resi- 
dent in (Mahoney), 1 
direct-vision, of interatrial septal 
defect during hypothermia (Swan, 
Blount, and Virtue), 858 
and division of patent ductus arteriosus 
(Bosher), 1054 
Sympathetic denervation; ventricular fibrilla- 
tion in the hypothermic state (Riberi 
et al.), 847 
trunk, cervical; sympathetic block in apo- 
plexy (de Takats), 915 
Sympathectomy, lumbar; clinical grading of 
severity of arterial disease of lower 
extremities (Cranley), 932 
Syndrome, afferent loop (Jordan), 1027 
Synthetic materials and fabrics suitable for 
blood vessel replacement, evaluation 
(Deterling and Bhonslay), 71 


Suture, 


T 


Temperatures, body, below 10° C., left heart 
surgery in dogs during respiratory 
and cardiac arrest (Gollan et al.), 
363 

Terminal aorta, partial occlusion, complicated 
by sudden total occlusion (Roberts), 
578 

Thermal burns in man (Hardy et al.), 685, 
692 

injuries, treatment (Moyer), 806 

Thoracie aorta, tolerance of temporary occlu- 
sion in normothermic and hypother- 
mie dogs (Parkins et al.), 38 

Thromboangiitis obliterans; clinical grading 
of severity of obliterative arterial 
disease of lower extremities (Cran- 
ley), 928 

Thromboendarterectomy (Crawford et al.), 

1 


Thrombotic occlusion, insidious, of cervical 
carotid arteries, treated by arterial 
graft (Denman et al.), 569 

Thymolipoma (Guilfoil and Murray), 406 

Tikhor-Linberg resection of shoulder girdle 
(Pack and Baldwin), 753 

Tolerance of temporary occlusion of thoracic 
aorta in normothermic and hypo- 
thermic dogs (Parkins et al.), 38 

Tuberculous erosion of right common iliac 
artery with rupture into duodenum 
(Reed et al.), 729 

Tubes, nylon, chemically treated, as arterial 
grafts (Edwards and Tapp), 61 

plastic mesh, arteriogenesis induced by 
(Herrmann and Bollack), 993 
triple-lumen, single-balloon, use in diagno- 

sis and treatment of massive upper 
gastrointestinal hemorrhage (Nach- 
las), 667 
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Tumors, of bronchopulmonary tract, gradient 
in susceptibility (Burdette), 279 
carcinoid, of transverse colon complicated 
by gastrocolic fistula (Lynch and 
Boese), 600 
of major salivary glands, 815 (B. Rev.) 
neuroblastoma in childhood (Koop et al.), 
272 
of soft tissue, 815 (B. Rev.) 
stomach, 816 (B. Rev.) 
retroperitoneum, mesentery, 
neum, 815 (B. Rev.) 
Training programs, residency, something 
wrong? (Ravdin), 769 (E.) 
Transposition of great vessels, surgical treat- 
ment (Kay and Cross), 712 
Transverse colon, carcinoid tumor compli- 
cated by gastrocolic fistula (Lynch 
and Boese), 600 
Trauma, atlas of operations for, 814 (B. 
Rev.) 
cerebral, eosinophil circulating response 
(Smolik et al.), 539 
delayed rupture of spleen after (Fultz and 
Altemeier), 414 
Tricuspid atresia, diagnosis and treatment of 
(Riker and Miller), 886 


and _perito- 


U 


Uleer, duodenal, chronic, use of vagotomy 
with gastroenterostomy, evaluation 
(Hoerr), 149 

failure of partial gastrectomy with gas- 

troduodenostomy (Ordahl et al.), 158 

leg, chronic, syndrome of (Fell et al.), 771 

peptic, partial gastrectomy for, relation 

between sideropenia, anemia, and 

occurrence of postcibal symptoms 
following (Wallensten), 289 

Uleeration, peptic, experimentally induced, 
role of pyloric autrum in, in dogs 
(State et al.), 143 

Urethane, gradient in susceptibility of bron- 

chopulmonary tract to tumors (Bur- 

dette), 279 

defects, experimental repair of 
(Figueroa-Colon et al.), 1043 


Urethral 


Vagal inhibition of the heart, effect of pII 
on, cardiac arrest (Campbell), 615 
Vagotomy with gastroenterostomy performed 
for chronic duodenal ulcer, evalua- 
tion (Hoerr), 149 
neurogenic factors in coronary artery dis- 
ease (Cowley and Scherlis), 835 
Valves in internal jugular vein, incidence and 
possible significance (Sutherland et 
al.), 320 
venous, syndrome of chronic leg ulcer (Fell 
et al.), 771 
Valvulotomy; diverticulum approach to cham- 
bers of heart and great vessels 
(Glenn et al.), 872 


| 

| 
| 
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Vascular accidents during pulmonary resec- 
tion (Pecora), 1133 
disease, occlusive; laboratory assessment of 
digital circulation (Catchpole and 
Simeone), 936 
successful management by endarterec- 
tomy (Cannon and Barker), 48 
segments, freeze-dried, and their steriliza- 
tion by cobalt irradiation (Bu- 
chanan and Marrangoni), 999 
substitutes (Creech), 1131 (£.) 
surgery, new two-lever compression clamp 
(Dogliotti and Guglielmini), 717 
Vein, adrenal, in dog, effect of hypothermia 
on output of 17-hydroxycorticoids 
from (Ganong et al.), 506 
femoral, primary leiomyosarcoma (.John- 
ston and Shands), 410 
internal jugular, valves in, incidence and 


possible significance (Sutherland et 


al.), 320 


Vena cava, left superior, entrance of into | 


left auricle, surgical correction of 
cyanosis due to (Hurwitt et al.), 
903 

superior, vessel grafts and plastic pros- 


theses for relief of obstruction of | 


(Deterling and Bhonslay), 1008 


SUBJECT INDEX 


Venous occlusion, effect on peripheral blood 
flow during acute arterial insuffi- 
ciency (Lawrence and Dodds), 333 
valves, syndrome of chronic leg ulcer (Fell 
et al.), 771 
Ventricular fibrillation in dogs after sudden 
return of coronary artery flow (Sew- 
ell, Koth, and Huggins), 1050 
in the hypothermic state, V (Riberi et 
al.), 847 
myocardium, left, evaluation of implanta- 
tion of internal mammary artery 
into, for treatment of coronary ar- 
tery disease (Bakst et al.), 349 
Vessels, great, transposition of, surgical tech- 
nique (Kay and Cross), 712 
Visualization, in vivo, of lymphatics (Blatt 
and Cincotti), 373 


Weight, changes, body, during therapy; ther- 
mal burns in man (Hardy et al.), 
685 

Wound abscess, remote postoperative, sickle- 
cell anemia, and Salmonella enteri- 
tidis osteomyelitis (Goldenberg), 
758 


Wounds, lacerated, treatment (Meade), 447 
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you can produce 
prompt, prolonged 
surface anesthesia 


with one application of 


NUPERCAINAL® 


Contains Nupercaine® (dibucaine 
CIBA), one of the most 
potent and long-acting anesthetics. 


Effective in low concentration 
—sensitization rare (nonnarcotic 
—not related to cocaine or procaine). 


Useful whenever surface anesthesia 
is required—burns, surgical dressings, 
hemorrhoids, abrasions, etc. 


Ointment (dibucaine ointment CIBA), 
1% Nupercaine in lanolin and 
petrolatum base. 


Cream (dibucaine cream CIBA), 
0.5% Nupercaine in water-soluble base. 


Ophthalmic Ointment, 
0.5% Nupercaine in white petrolatum, 
applicator-tip tubes. 
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New Table/ 


Important Advance/ 


table top can NOW 
be lowered to — 


For convenient approach to the operative site— 
throughout the posturing category. 
Write Dept. SJ-8 for complete catalog 
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the patient will live 


He’ll live because today’s surgical teams know 
their tools, and their tools are almost perfect. He’ll 
live because today’s medicine is better. And safer. 
Like the fluids feeding down into his vein right 
now. Almost forgotten are problems of pyrogens, 
or potency or contamination. The worry has 

been taken out by the manufacturer. If any 

drugs belong in the “miracle” class, today’s 
modern [.V. fluids surely do. Uniform, 

sterile, stable indefinitely, they have become 


the lifestream of the sick. 
The label is your trust. ObGott 
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For the smaller hospital—an “enormous advance””* 


A vital aid in reducing surgical risk is now 
at the disposal of every hospital, large and 
small. Blood volume studies by the Evans 
Blue technic require neither elaborate fa- 
cilities nor highly trained specialists. The 
notion that only major institutions can run 
the test “is a completely false assumption,” 
according to experience in a small South- 
ern hospital. 


“Readily mastered by the average techni- 
cian,”” the Evans Blue technic permits a 
far more reliable evaluation of actual blood 


Evans Blue 


WARNER-CHILCOTT 


deficits than is possible with older meth- 
ods.?:* Blood transfusions can be given 
exactly when needed, and in the exact 
amounts needed. 


The range of surgery has thus been vastly 
extended. Procedures which once seemed 
daring can now be performed — even in 
older patients — without fear of surgical or 
postoperative shock.13 


1. Parsons, W. H., et al.: Ann. Surg. 135:791 (June) 1952. 
2. Whiting, J. A., and Hotz, R.: Surg., Gynec. & Obst. 
97:709 (Dec.) 1953. 3. Beling, C. A., et al.: Geriatrics 
7:179 (May-June) 1952. 4. Barbour, C. M., Jr., and Ten- 
nant, R.: J. Urol. 71:497 (April) 1954. 


5.0 cc. ampuls—No 
weighing or calibra- 
tion required. A vail- 
able at leading 
laboratory supply 
houses. Literature 
gent on request, 


(T-1824) 
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ROMILAR *Roche' is a new, non-narcotic 


cough specific, especially useful fol- 
inhalation anesthesia. Ten mg 
equals 15 mg of codeine in cough-sup- 
pressant effect = yet Romtlar® avotds 
central_depression, nausea, anorexia 


and constipation, 
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By using Levo-Dromoran, you can provide 
analgesia for 6 to 8 hours; there is 
less chance of nausea and constipation 
than with morphine; and Levo-Dromoran” 
tRoche' (levorphan) is equally useful 


by mouth and by injection. 
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NEEDLE 
HOLDERS 
WITH 


TC-JAWS 


(Pat. Appl'd. for) 


Crile 
Baumgartner 


Mayo 6" 
Masson 

Sarot 

Collier 

Heaney 


Stainless Steel 
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another development by 


*k Sklar Needle Holders incorporate Tungsten 
Carbide (T-C) as an integral part of the jaws. 
This revolutionary development eliminates the 
many disadvantages of welded inserts. 


T-C Jaws Assure.... 


POSITIVE GRIP... The extremely hard 
surface and extra fine serrations prevent 
rotation of suture needles without indenting 


the surface. 


DEPENDABILITY .. . No inserts to loosen or 
fall out... original temper and strength of 
jaws is preserved. 


To distinguish T-C Needle Holders from the 
standard instruments, the handles are cop- 
per plated for ready identification. 


These superior and dependable instruments 
are priced slightly higher than our standard 
pattern Needle Holders. 


Available through 
accredited surgical 
supply distributors 
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Anatomy in 
full color 
and 3-D 


Text and dissections by 
DAVID L. BASSETT, M.D. 


Associate Professor of Anatomy, 
Stanford University School of Medicine 


Photography by 
WILLIAM B. GRUBER 


Photographic Research Engineer, 
Designer of the View-Master® 
Stereoscope 


Third dimension by 


A Stereoscopic Atlas 
Of Human Anatomy 


SECTION III: THE UPPER EXTREMITY - Now available 


Until you have seen Bassett’s Atlas, you have 
never seen dissections like these, personally and 
permanently yours in amazingly photographed 
three dimension color transparencies. They pro- 
vide the most ideal way yet found to study human 
anatomy and are perfect for a quick review of 
topographical relationships. 


Section III, just completed, has 196 clear, true 
color, stereoscopic views of the upper extremity, 
including 63 magnificent views of the hand. Also 
included are osteology, selected radiographs and 
exploratory anatomical dissection of the entire 
upper extremity. For every stereoscopic view 
there is a labeled drawing in the accompanying 
text, with a scale of dimensions and appropriate 
description. A rare opportunity for close-up, de- 
tailed study of the upper extremity. 3 vols. (400 
pp.), 28 reels, 196 views, $22.50 


ALSO AVAILABLE 


IN PREPARATION 


Section I. Central Nervous System—4 vols. (500 pp.), 34 reels, 
238 views, $27.50 


Section II. The Head and Neck—5 vols. (700 pp.), 50 reels, 
350 views, $38.50 


Thorax—Abdomen—Pelvis—Lower Extremity 


VIEW-MASTER Price List 


Stereoscopic viewer $ 2.00 
3 Battery light attachment ---. 2.00 
Bee Viewer with light attachment, 
transformer and cord 7.00 
Focusing viewer with battery 
light attachment 9.75 
— Transformer and cord for use 
with light attachment 3.50 


Stereo-Matic “500” projector ~ 119.50 


ORDER FROM: 


P THE WILLIAMS & WILKINS CO. 


(exclusive agents for the United States, with 
the exception of the 11 Western states) 


Mt. Royal and Guilford Aves. Baltimore 2, Md. 


STACEY'S, INC. 


(exclusive agents for the 11 Western states) 


551 Market St. San Francisco 5, Calif. 


SAWYER’'S, INC. 
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BROAD-SPECTRUM ANTIBIOTIC 


AT IS BOTH...{WELL TOLERATED] 
) EFFECTIVE BY THE 
MUSCULAR ROUTE.”* 


ND OF OXYTETRACYCLUINE 


le-dose vials providing 100 mg. 
talline Terramycin hydrochloride, 


cent magnesium chioride and 
cent procaine hydrochloride. 


HILDREN, GASTROENTERITIS, Wee 
UP, MENINGITIS, AND.ANFECTIONS - > 
TING: CERTAIN. SURGICAL CONDITIONS 
BE -DEQUATELY TREATED BY ITS USE 
DRUG OF CHOICE WHEN ORAL 
CATION IS NOT 


nig State M. $1:347 (Apuil) 1955. 


PFIZER LABORATORIES + Division, Chas. Pfizer 
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Wiederherstellungschirurgie und Traumatologie 
Reconstruction Surgery and Traumatology 
Chirurgie Reparatrice et Traumatologie 


Jahrbuch Annual Survey Annuaire 


Vol. 1 


VIII + 260 p., 101 fig., 1953. Swiss frs. 36.00 


FROM THE CONTENTS: 


Intramedullary Pinning: Complication and Technique. By F. H. Vom Saal, Yonkers, N. Y. 

Traitement des nécroses traumatiques de la téte du fémur. Par R. Merle d’Aubigné, Paris 

Reconstruction Operations for Ulnar Paralysis when the Nerve Is Irreparable. By S. Bun- 
nell, San Francisco, Calif. 

——— der poliomyelitischen Lahmung des Daumens. Von A. Steindler, Iowa City, 
owa 

Transplantation tendineuse dans les paralysies radiales. Par R. Merle d’Aubigné, Paris 

Problems in Surgical Rehabilitation of the Hand Disabled by Poliomyelitis. By C. E. 
Irwin, Warm Springs, Georgia 

Median and Ulnar Nerve Injuries. By J. W. Littler, New York, N. Y. 


Just out Vol. 2 


244 p., 129 fig., 1954. Swiss frs. 36.00 


FROM THE CONTENTS: 


Flexor Tendon Injuries of the Wrist and Hand. By J. I. P. James, London 

Dégénérescence et réparation des tendons fléchisseur sectionnés chez Phomme. Par M. 
Iselin, Paris, et. G. Lafaury, Romans 

Die Kahnbeinpseudarthrosen. Von O. Scaglietti und F. Perazzini, Florenz 

Erfahrungen mit den Hautplastiken an den Extremitaten. Von H. U. Buff, Ziirich 


In preparation Vol. 3 
c. 300 p., 100 fig., 1955. Swiss frs. 36.00 


The Operative Treatment of Vertebral Tuberculosis. By S. Orell, Stockholm 

Die operative Behandlung der Knochentuberkulose. Von S. Colombani, Cortina d’Ampezzo 

Quel était le traitement, et en particulier le traitement opératoire, des tuberculoses osseuses 
et articulaires avant l’usage des antibiotiques, et quels en étaient les résultats. Par O. 
Sorell, Paris 

Die operative Knochenbehandlung. Von M. Horvat, Rovinj 


FURTHER CONTRIBUTIONS BY 


H. Debrunner, Ziirich—Erlacher, Wien—Sierra Cano, Santander— 
Boswarth, New York—M. Lange, Miinchen 


BASEL 11 (Switzerland) S. KARGER NEW YORK 
For U.S.A.: Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 
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in keeping with your 
professional standards 


NO HALFWAY MEASURES IN SURGERY 


_ WITH 
Di 


SURGICAL SOLUTION. 


(A PRE-AUTOCLAVE ANTISEPTIC RINSE) 


In a comparative control study, preautoclaved antibacterial rinsing 
of surgical caps and gowns with Diaparene Chloride (1:5000), 
a non-volatile antiseptic, prevented contamination of the operative 
field by the passage of bacteria through surgical linen wet 
from perspiration in 89% of the cases tested. Neither toxic nor 
allergic reactions were noted. Recommended usage: four ounces 
per 100 Ibs. dry weight; supplied in 5 gallon carboys. 


The Surgical Linen Division of many Diaparene diaper services (check classified phone book) 
offers preautoclave rinsing with Diaparene Chloride as an approved hospital service. 


i Collette, T.S.: Editorial—False Faith in the Surgeon's Gown and Surgical Drape: Am. J. Surg., 83:125-126, 1952 
2. Propst, H.D.: The Effect of Bactericidal Agents on the Sterility of Surgical Linen; Am. J. Surg. 86:301-308, 1953 
3. Colebrook, L. and Hood, A.M.: Infection Through Soaked Dressings: Lancet, 2:682, 1948 

4. Silverstein, M.E., New York City, N.Y., Personal Communication, November 10, 1952: 

5. Baker, E., Madden, J.L. and Hartz, M., New York City, N.Y., Personal Communication, November 29, 1954 


Professional samples and literature available on antibacterial Diaparene Chloride Surgical 


Solution, dusting powder, lotion, water-miscible ointment and water-repellent creme: 


A ICAL DIVISION, HOMEMAKERS’ PRODUCTS CORPORATION YORK 10, NEW YORK TORONTO 10. cil 
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He brought snow 


to New Guinea 


ECEMBER 24, 1944. The captured, re- 
built airstrips bake under a blazing 
sun. No breeze stirs the kunai grass. The 
dim, weather-stained notice clinging to the 
mail-room door tells you Jap subs sank the 
ship carrying Christmas packages. 

If you punch two buttons at once on the 
walkie-talkie, you can tune in on the Jungle 
Network. The song you hear is a favorite all 
over the Pacific. It seems to bring you home. 
dreaming of a white Christmas ...”* 

The man who wrote that song is an expert 
at cheering up troops. In 1918, Private Irv- 
ing Berlin wrote his first all-soldier show, in 
1942 his second: “This Is The Army,” with 
which he toured almost every theater of war. 

Berlin is also an expert at coming up the 
hard way. Immigrant to America at 5, on 
his own at 19, his first song earned just 
thirty-three cents. But Berlin always kept 
trying and never lost faith. 

His hard-working, confident drive is a 
trait Americans set great store by. And 
Americans have a lot of it. Which helps 
account for the fact that our country’s Sav- 
ings Bonds are one of the world’s finest 
investments. 

For the drive of 165 million Americans 
stands behind these Bonds. 

That’s why it’s such a sound idea for 
every American—for you—to invest regu- 
larly in U.S. Series E Savings Bonds, and 
hold on to them. 


*Copyright 1942, Irving Berlin. 


December, 1955 


It’s actually easy to save money—when you buy 
Series E Savings Bonds through the automatic 
Payroll Savings Plan where you work! You just 
sign an application at your pay office; after that 
your saving is done for you. The Bonds you re- 
ceive will pay you interest at the rate of 3% per 
year, compounded semiannually, when held to 
maturity. And after maturity they go on earning 
10 years more. Join the Plan today. Or invest in 
Bonds regularly where you bank. 


Safe as America~ 
CS: Savings Bonds 


The U.S. Government does not pay for this advertisement, 
It is donated by this publication in cooperation with the 
Advertising Council and the Magazine Publishers of America 
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Specially designed and produced for 
SURGERY, this file will keep one volume, 
or six issues, clean, orderly and readily acces- 
sible. Picture this distinctive, sturdy Volume 
File on your bookshelf. Its rich red and 
green Kivar cover looks and feels like 
leather, and the 16-carat gold leaf hot- 
embossed lettering makes it a fit companion 
for your finest bindings. 


Preserve Your Journals 
With This 


Hesse ones 


Volume File 


The Volume File is reasonably priced, in 
spite of its costly appearance. It is sent post- 
paid, carefully packed, for $2.50 each. Most 
subscribers will find it more convenient and 
economical to order 3 for $7.00 or 6 for 
$13.00. When ordering specify file for 
SURGERY. Send check with order. Satis- 
faction guaranteed. Can be sent to U.S. and 
Possessions only. For prompt shipment, 
order direct from 


FOURTH AND THOMPSON STREETS, PHILADELPHIA 22, PENN. 


Abbott Laboratories (I.V. Fluids) ~--~ 3 
American Sterilizer Company (Surgical 
Operating Table) 


Ciba Pharmaceutical Products, Ine. 
(Nupercainal ) 


ES Insert between pages 8 and 9 


Hoffmann-La Roche, Ince. 
acasdeiaiaaian Insert between pages 4 and 5 


Hoffmann La Roche, Inc. -_-_. Fourth Cover 

Homemakers’ Products Corporation (Di- 
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responsible for any errors or omissions. 
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LATEST REPORT | RELATIVELY SAFE 


AND SIMPLE TECHNIC 


ewe 


Combined Use of Local Anesthesia and Tourniquet in SURGERY OF THE HAND 
Use of NOVOCAIN in conjunction with a tourniquet in hand surgery elim- 
inates the need for general anesthesia in many cases, maintains voluntary 
motor power, produces a clear operative field and eliminates the trauma of 


repeated spongings.* 


*Walsh, A.C.: Canad. Med, Assn. Jour. 70:539, May, 1954. 


An ordinary blood pressure cuff, bandaged over with gauze to prevent bulging, is inflated to 
250-300 mm. Hg and the tubes are clamped with rubber covered forceps. No preoperative 
sedation or analgesia is required if tourniquet remains in place for less than 20 minutes. 


To block the nerve trunk, a 25 gage x 34 inch needle is inserted at a right angle over the 
nerve trunk. After the patient is instructed to report tingling along course of nerve, a quick 
short jab is made towards the trunk. As soon as paresthesias are reported, from 1 to 2 cc. of 
2% NOVOCAIN solution are injected directly into the nerve trunk. The needle is withdrawn 
slightly and 2 or 3 cc. are injected around the nerve. Anesthesia takes full effect within from 


5 to 10 minutes. 


® 
N V Cc AIN Solutions in various concentrations with and 


without vasoconstrictors. Also tablets, — and powder. 


OP ne. New York 18, N.Y. + Windsor, Ont. 


Novocain (pioneer brand of procaine hydrochloride), trademark reg. U. S. Pat. Off. 


W e have changed our name to WINTHROP LABORATORIES INC. 
Only the name is changed—nothing else. 
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VIII + 260 p., 101 fig., 1953. Swiss frs. 36.00 
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Intramedullary Pinning: Complication and Technique. By F. H. Vom Saal, Yonkers, N. Y. 

Traitement des nécroses traumatiques de la téte du fémur. Par R. Merle d’Aubigné, Paris 

Reconstruction Operations for Ulnar Paralysis when the Nerve Is Irreparable. By S. Bun- 
nell, San Francisco, Calif. 
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owa 

Transplantation tendineuse dans les paralysies radiales. Par R. Merle d’Aubigné, Paris 

Problems in Surgical Rehabilitation of the Hand Disabled by Poliomyelitis. By C. E. 
Irwin, Warm Springs, Georgia 

Median and Ulnar Nerve Injuries. By J. W. Littler, New York, N. Y. 


Just out Vol. 2 


244 p., 129 fig., 1954. Swiss frs. 36.00 


FROM THE CONTENTS: 


Flexor Tendon Injuries of the Wrist and Hand. By J. I. P. James, London 

Dégénérescence et réparation des tendons fléchisseur sectionnés chez Phomme. Par M. 
Iselin, Paris, et. G. Lafaury, Romans 

Die Kahnbeinpseudarthrosen. Von O. Scaglietti und F. Perazzini, Florenz 

Erfahrungen mit den Hautplastiken an den Extremitaten. Von H. U. Buff, Ziirich 


In preparation Vol. 3 
c. 300 p., 100 fig., 1955. Swiss frs. 36.00 


The Operative Treatment of Vertebral Tuberculosis. By S. Orell, Stockholm 

Die operative Behandlung der Knochentuberkulose. Von S. Colombani, Cortina d’Ampezzo 

Quel était le traitement, et en particulier le traitement opératoire, des tuberculoses osseuses 
et articulaires avant l’usage des antibiotiques, et quels en étaient les résultats. Par O. 
Sorell, Paris 

Die operative Knochenbehandlung. Von M. Horvat, Rovinj 
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RELATIVELY SAFE 
AND SIMPLE TECHNIC 


LATEST REPORT 


Combined Use of Local Anesthesia and Tourniquet in SURGERY OF THE HAND 
Use of NOVOCAIN in conjunction with a tourniquet in hand surgery elim- 
inates the need for general anesthesia in many cases, maintains voluntary 
motor power, produces a clear operative field and eliminates the trauma of 


repeated spongings.* 
*Walsh, A.C.: Canad. Med. Assn. Jour. 70:539, May, 1954. 


An ordinary blood pressure cuff, bandaged over with gauze to prevent bulging, is inflated to 
250-300 mm. Hg and the tubes are clamped with rubber covered forceps. No preoperative 
sedation or analgesia is required if tourniquet remains in place for less than 20 minutes. 


To block the nerve trunk, a 25 gage x 3/4 inch needle is inserted at a right angle over the 
nerve trunk. After the patient is instructed to report tingling along course of nerve, a quick 
short jab is made towards the trunk. As soon as paresthesias are reported, from 1 to 2 cc. of 
2% NOVOCAIN solution are injected directly into the nerve trunk. The needle is withdrawn 
slightly and 2 or 3 cc. are injected around the nerve. Anesthesia takes full effect within from 
5 to 10 minutes. 


® 
N V Cc AIN Solutions in various concentrations with and 


without vasoconstrictors. Also tablets, —— and powder. 


Stan ne, c. New York 18, N.Y. « Windsor, Ont. 


Novocain (pioneer brand of procaine hydrochloride), trademark reg. U. S. Pat. Off, 


W e have changed our name to WINTHROP LABORATORIES INC. 
Only the name is changed—nothing else. 
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General practitioner 
General surgeon 
* Orthopedist 


A Significant New Volume 
of Special Interest to the 


The Shoulder and Environs 


The importance of diagnosis in the treatment of diseases of the shoulder 
and environs is universally recognized. Here is a new approach to the 
problem of diagnosis of shoulder disease—from Embryology to Assess- 
ment of Disability, offering the practitioner a modern guide, 


Symptoms in the shoulder region fall naturally into three broad groups: 
shoulder and neck pain; predominate shoulder pain; and shoulder plus radiating 
symptoms. This grouping is followed to separate disorders of the region as a 
whole, the individual lesion is then discussed in detail, including the pathology, 
clinical course, and treatment. Differential diagnosis of the common entities of 
each group is presented in table form, treatment is summarized at the end of 


each chapter for quick reference. 


The techniques of the common operations about the shoulder are illustrated in 
detail. Several new operative methods for less common conditions, such as 
abductor paralysis, are also shown. The basie sciences as applied to the region 
have been presented from the applied viewpoint also. Congenital deformities 
are discussed with the embryology. Operative approaches and radiological 
aspects are discussed with anatomy, and in the chapter on physiology the action 
of the shoulder from the standpoint of everyday activities has been considered. 
Pain patterns of the region have been emphasized and the mechanisms and path- é 
ways in common disorders are described in detail. ie 
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You can rely on 


B-P FORMALDEHYDE 
GERMICIDE 


contains HEXACHLOROPHENE (G-11*) 


KILL vegetative pathogens and spore formers within 
5 minutes.* 


KILL the spores themselves within 3 hours.* 


Kl LL tubercle bacilli within 5 minutes.* 


*Trademark of Sindar Corp. 


SUGGESTION! B-P CONTAINERS 
are all especially designed 


Radian: alii dhe asp al Used as directed, it will not injure keen cutting edges, points of 


BP CERMICIDE. hypodermic and suture needles, scissors and other ‘sharps’ . . . nor 
rust, corrode or otherwise damage metallic instruments. 


IT’S THE ECONOMICAL ANSWER towards keeping annual costs 
for solutions and instrument replacement and repairs at a minimum. 
May be used repeatedly if kept undiluted and free of foreign matter. 


*Comparative chart sent on request 


Ask your dealer 


PARKER, WHITE & HEYL, INC. 
Danbury, Connecticut, U.S.A. 
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DURACILLIN 


(PROCAINE PENICILLIN—G IN AQUEOUS SUSPENSION, LILLY) 


...is preferred by most physicians because of its prompt, 
ample, and sustained penicillin effect. ‘Duracillin A.S.’ is 
available in many sizes and forms—in ampoules, cartrids, 
and disposable syringes. There’s one to meet your par- Gilly 


ticular preference. Available at pharmacies everywhere. quaity / RESEARCH / INTEGRITY 


ELI LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, U.S.A. 
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professional standards .\. . 


NO HALFWAY MEASURES IN SURGERY 


Di 


— $URGICAL SOLUTION’ ~~ 


(A PRE-AUTOCLAVE ANTISEPTIC RINSE) 


In a comparative control study, preautoclaved antibacterial rinsing 
of surgical caps and gowns with Diaparene Chloride (1:5000), 
a non-volatile antiseptic, prevented contamination of the operative 
field by the passage of bacteria through surgical linen wet 
from perspiration in 89% of the cases tested. Neither toxic nor 
allergic reactions were noted. Recommended usage: four ounces 
per 100 Ibs. dry weight; supplied in 5 gallon carboys. 
® 


The Surgical Linen Division of many Diaparene diaper services (check classified phone book) 
offers preautoclave rinsing with Diaparene Chloride as an approved hospital service. 


i Collette, T.S.: Editorial—False Faith in the Surgeon's Gown and Surgical Drape: Am. J. Surg., 83:125-126, 1952. 
2. Propst, H.D.: The Effect of Bactericidal Agents on the Sterility of Surgical Linen; Am. J. Surg. 86:301-308, 1953, 
3. Colebrook, L. and Hood, A.M.: Infection Through Soaked Dressings: Lancet, 2:682, 1948 

4. Silverstein, M.E., New York City, N.Y., Personal Communication, November 10, 1952. 

5. Baker, E., Madden, J.L. and Hartz, M., New York City, N.Y., Personal Communication, November 29, 1954 


Professional samples and literature available on antibacterial Diaparene Chloride Surgical 
Solution, dusting powder, lotion, water-miscible ointment and water-repellent creme! 
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Editors: ALTON OCHSNER, M.D., 1430 Tulane Ave., New Orleans, La., and OWEN 
H. WANGENSTEEN, M.D., University Hospitals, Minneapolis, Minn. 
Associate Editors: ALFRED BLALOCK, M.D., Johns Hopkins Hospital, Baltimore, 

Md., I. S. RAVDIN, M.D., Hospital of the University of Pennsylvania, Phila- 
delphia, Pa., JOHN R. PAINE, M.D., Buffalo General Hospital, Buffalo, N. Y., 
and WARREN H. COLE, M.D., University of Illinois, College of Medicine, 
Chicago, 
Published by THE C. V. MOSBY COMPANY, 3207 Washington Blvd., 
St. Louis 3, U.S.A. 


Entered at the Post Office at St. Louis, Mo., as Second-Class Matter. 


Published Monthly. Subscriptions may begin at any time. 


Editorial Communications 


Original Communications.—This Journal invites concise original articles of new 
matter in the broad field of clinical and experimental surgery. Descriptions of new 
techniques and methods are welcomed. Articles are accepted for publication with the 
understanding that they are contributed solely to SURGERY. 

Manuscripts submitted for publication may be sent to Dr. Alton Ochsner, 1430 
Tulane Avenue, New Orleans, Louisiana, or to Dr. Owen H. Wangensteen, University 
Hospitals, Minneapolis, Minnesota. 

Neither the editors nor the publishers accept responsibility for the views and state- 
ments of authors expressed in their communications. 


Manuscripts.—Manuscripts should be typewritten on one side of the paper only, 
with double spacing and liberal margins. References should be placed at the end of 
the article and should conform to the style of the Quarterly Cumulative Index Medicus; 
viz., name of author, title of article, and name of periodical with volume, page, and 
year. Illustrations accompanying manuscripts should be numbered, provided with 
suitable legends, and marked lightly on the back with the author’s name. Authors 
should indicate on the manuscript the approximate position of text figures. 


Illustrations.—A reasonable number of halftone illustrations will be reproduced 
free of cost to the author, but special arrangements must be made with the editors 
for color plates, elaborate tables, or extra illustrations. Copy for zine cuts (such as 
pen drawings and charts) should be drawn and lettered only in India ink or black 
typewriter ribbon (when the typewriter is used). Only good glossy photographic 
prints should be supplied for halftone work; original drawings, not photographs of 
them, should accompany the manuscript. 

Exchanges.—Contributions, letters, exchanges, reprints, and all other communica- 
tions relating to SURGERY should be sent to one of the editors. 

Review of Books.—Books and monographs, native and foreign, will be reviewed 
according to their merits and as space permits. Books may be sent to Dr. Owen H. 
Wangensteen, University Hospitals, Minneapolis, Minn. 

Reprints.—Reprints of articles must be ordered directly through the publishers, 
The C. V. Mosby Co., 3207 Washington Blvd., St. Louis 3, Mo., who will send their 
oom of prices. Individual reprints of an article must be obtained through the 
author. 
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Subscription Rates.—For service within the United States, its possessions, and 
the Pan-American Postal Union countries (includes Spain), $14.00 a year: Canada, 
$14.50: other countries, $15.50. Students, interns, and residents are served at one- 
half these rates. Remittances for subscriptions should be made by check, draft, 
post office or express money order, payable to this Journal. 

Single-Copy Prices.—To be mailed to the United States, its possessions, the Pan- 
American countries and Canada, $1.40 a copy; to other countries, $1.75. 

Publication Order.—The monthly issues of this Journal form two semiannual 
volumes; the index is in the last issue of the volume—in the June and December 
issues, 

Change of Address Notice.—Six weeks’ notice is required to effect a change of 
address. Kindly give the exact name under which a subscription is entered, and the 
full form of both old and new addresses, including the post office zone number. 
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He brought snow 


to New Guinea 


ECEMBER 24, 1944. The captured, re- 
built airstrips bake under a blazing 
sun. No breeze stirs the kunai grass. The 
dim, weather-stained notice clinging to the 
mail-room door tells you Jap subs sank the 
ship carrying Christmas packages. 

If you punch two buttons at once on the 
walkie-talkie, you can tune in on the Jungle 
Network. The song you hear is a favorite all 
over the Pacific. It seems to bring you home. 
“I’m dreaming of a white Christmas... .”* 

The man who wrote that song is an expert 
at cheering up troops. In 1918, Private Irv- 
ing Berlin wrote his first all-soldier show, in 
1942 his second: “This Is The Army,” with 
which he toured almost every theater of war. 

Berlin is also an expert at coming up the 
hard way. Immigrant to America at 5, on 
his own at 19, his first song earned just 
thirty-three cents. But Berlin always kept 
trying and never lost faith. 

His hard-working, confident drive is a 
trait Americans set great store by. And 
Americans have a lot of it. Which helps 
account for the fact that our country’s Sav- 
ings Bonds are one of the world’s finest 
investments. 

For the drive of 165 million Americans 
stands behind these Bonds. 

That’s why it’s such a sound idea for 
every American—for you—to invest regu- 
larly in U.S. Series E Savings Bonds, and 
hold on to them. 


‘Copyright 1942, Irving Berlin. 
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It’s actually easy to save money—when you buy 
Series E Savings Bonds through the automatic 
Payroll Savings Plan where you work! You just 
sign an application at your pay office; after that 
your saving is done for you. The Bonds you re- 
ceive will pay you interest at the rate of 3% per 
year, compounded semiannually, when held to 
maturity. And after maturity they go on earning 
10 years more. Join the Plan today. Or invest in 
Bonds regularly where you bank. 


Safe as America~ 


OS: Savings Bonds 


The U.S. Government does not pay for this advertisement. 
It is donated by this publication in cooperation with the 
Advertising Council and the Magazine Publishers of Americas 
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or six issues, clean, orderly and readily acces- 
sible. Picture this distinctive, sturdy Volume 
File on your bookshelf. Its rich red and 
green Kivar cover looks and feels like 
leather, and the 16-carat gold leaf hot- 
embossed lettering makes it a fit companion 
for your finest bindings. 
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Volume File 


The Volume File is reasonably priced, in 
spite of its costly appearance. It is sent post- 
paid, carefully packed, for $2.50 each. Most 
subscribers will find it more convenient and 
economical to order 3 for $7.00 or 6 for 
$13.00. When ordering specify file for 
SURGERY. Send check with order. Satis- 
faction guaranteed. Can be sent to U.S. and 
Possessions only. For prompt shipment, 
order direct from 
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Rest Cowes best to relaxed patient. 


Noludar relaxes the patient and usually induces 
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6 to 7 hours. Clinical studies in over 3,000 


putients have confirmed the usefulness of 


Ncetudar in the relief of nervous insomnia and 


daytime tension. Noludar 'Roche' is not a 
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